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PREFACE 

Tms  work  is  an  attempt  to  place  in  the  student's  hands  a  Manual  of  Practical 
Chemistry  which  shall  be  a  reference  hook  in  a  convenient  form. 

Though  not  claiming  in  any  way  to  be  a  specialist's  book,  it  does  aim  at 
giving  the  student  a  thorough  knowledge  of  general  methods,  so  that  he  will 
be  in  a  position  to  proceed  to  specialist  work  without  difficulty. 

The  scope  of  the  book  does  not  allow  of  the  inclusion  of  any  v^ry  advanced 
work  in  Physical  Chemistry ;  it  indicates  the  basic  lines  along  which  the 
student  may  proceed  and  prepares  him  for  seeking  inspiration  from  the 
advanced  theoretical  text-books. 

No  great  claim  to  originality  is  put  forward,  but  a  whole-hearted  attempt 
has  been  made  to  indicate  the  best  methods  of  doing  everything.  To  this 
end  a  large  number  of  original  papers  have  Been  consulted,  in  addition  to 
most  of  the  text-books  quoted  in  the  literature  of  each  branch,  and  the 
authors  have  also  drawn  on  twelve  years  of  teaching  experience  and  their 
own  experimental  work. 

It  is  believed  that  every  source  of  special  information  has  been  acknow- 
ledged in  the  text. 

The  authors'  thanks  are  due  to  Mr.  J.  S.  Firth,  B.Sc.,  for  kindly  reading 
through  a  large  part  of  the  MSS. ;  to  Messrs.  Clowes  and  Coleman  for 
permission  to  make  stereo-plates  of  the  logarithm  and  atomic  weight  tables 
in  their  "  Quantitative  Analysis  "  ;  to  Messrs.  J.  J.  Griffin  and  A.  Gallenkamp 
for  permission  to  make  sketches  from  diacrams  of  apparatus  in  their 
catalogues,  and  to  the  publishers  for  kindly  help  and  advice  throughout. 

It  is  too  much  to  hope  that  the  first  edition  of  a  work  of  this  kind  will 
be  free  from  errors,  and  the  authors  will  be  grateful  for  their  attention  being 
called  to  any  which  may  have  occurred, 

G.  F.  H. 
J.  A.  C. 
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BOOK  L 
INORGANIC  PREPARATIONS. 

CHAPTER  I. 

Introductory. — The  following  preparations  are  intended  as  a  fairly  complete 
course.  They  are  not  arranged  in  the  order  in  which  they  are  to  be  performed, 
but  under  suitable  headings.'  Emphasis  is  laid  on  general  methods  of  preparing 
the  various  classes  of  substances,  and  when  these  fail,  or  are  inconvenient, 
the  reason  is  given  and  the  important  exceptional  cases  dealt  with  in  detail. 

The  following  points  should  be  carefully  noted : 

1.  Scrupulous  cleanliness  should  always  be  observed,  in  order  that  it  may 
become  a  habit.  Solutions  should  be  filtered  if  there  is  any  necessity  what- 
ever, and  if  put  away  overnight  should  always  be  covered  up  to  exclude  dust. 


FIO.  1. 


2.  Great  accuracy  in  weighing  is  seldom  necessary,  except  when  small 
quantities  are  being  dealt  with.  A  rough  balance,  turning  to  about  0*5  gm. 
may  generally  be  used.  Chemicals  should  never  be  put  on  the  balance-pan, 
but  on  a  clean  piece  of  paper  (which  is  counterpoised  by  a  similar  piece) 
or  a  clock-glass,  or  they  may  be  weighed  in  the  vessel  in  which  the  experiment 
is  to  be  done.  The  yield  of  a  preparation  should  be  noted  and  compared 
with  that  demanded  by  theory  or  by  the  conditions  of  the  experiment. 

1 


Digitized  by 


Google 


TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 


3.  The  importance  of  keeping  a  note-book  is  too  obvious  to  need  more 

than  the  bare  mention.     The  student  should  carefully  avoid  performing 

experiments  in  a  mechanical  way,  without  fully  understanding  the  reasons 

for  ever3rthing.  E,g.  if  quantities  of  sub- 
stances apparently  demanded  by  an 
equation  are  not  used,  he  should  know 
exactly  why. 

The  following  pieces  of  apparatus  are 
described,  as  being  in  frequent  use  : 

Filtration.  —  Crystalline  preparations 
are  filtered  and  drained  by  means  of  the 
filter-pump  (Fig.  1).  The  large  bottle  B 
is  to  prevent  water  from  A  rushing  into 
C  if  the  water  is  inadvertently  turned 
off  before  connection  between  A  and  C  is 
broken.  This  should  be  done  by  opening 
T  before  turning  off  the  water.  D  shows 
the  funnel  ^and  porcelain  filter -plate, 
the  filter  paper  for  which  should  be 
cut  only  very  slightly  larger  than  the 
plate. 
On  no  account  should  fine  precipitates  be  filtered  with  this  apparatus, 

as  the  pores  of  the  paper  are  rapidly  stopped  up  by  them  and  the  process 

ceases.     Nor  should  warm  saturated 

solutions  be  filtered  with  it,  or  the 

substance  will  crystallise  and  stop  up 

the  funnel.    Such  solutions  are  filtered 

through   an  ordinary  filter  kept  hot 

in  a  funnel-heater  (Fig.  2).     The  stem 

of  the  funnel  should  be  long  enough 


Fio. 


Fig.  8a. 
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just  to  clear  the  funnel-heater ;   if  it  is  too  long  it  will  rapidly  be  stopped 
up  by  the  substance  crystallising  in  the  cool  projecting  part. 

Methods  of  heating. — Vessels  other  than  crucibles  should  rarely  be  heated 
by  a  naked  flame.     A  gauze,  sand-bath,  air-bath  (Fig.  3a),  water-bath  (Fig.  36), 
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iron  plate  or  asbestos  card  should  be  used,  according  to  the  nature  of  the 
preparation. 

Crucibles  may  be  heated  in  the  "  Midget "  furnace  (Fig.  4)  or  for  higher 
temperatures  in  a  muffle  or  crucible  furnace  (Fig.  5).  The  **  M^ker  *'  furnace 
is  useful,  and  small  quantities  of  substances  may  be  heated  in  one  to  very  high 
temperatures  with  but  a  small  gas  consumption  (Fig.  6). 

Evaporation  in  vacno  is  necessary  when  the  substance  in  solution  cannot 
stand  high  temperatures.  This  operation  is  carried  out  in  a  vacuum  desiccator 
(Fig.  7),  the  water  vapour  being  absorbed  by  strong  sulphuric  acid.  The 
desiccator  is  evacuated  by  meaps  of  a  good  filter-pump  or  mechanical  pump. 

Methods  of  purification  of  substances. — Soluble  substances  are  generally 
purified  by  recrystallisation,  which  is  repeated  as  often  as  necessary.    It  is 


Iv/^^S 
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performed  by  adding  the  crude  substance  to  boiling  water  till  no  more  will 
dissolve,  filtering  if  necessary  (funnel  kept  hot),  and  cooling  as  rapidly  as 
possible  with  shaking  or  vigorous  stirring,  in  order  to  obtain  crystals  as  small 
as  possible.  Such  crystab  are  less  liable  to  enclose  portions  of  the  mother 
liquor  than  large  ones,  which  are  obtained  by  allowing  the  hot  saturated 
solution  to  cool  slowly,  or  by  allowing  the  cold  saturated  solution  to  evaporate 
at  the  room  temperature.  Large  crystals,  if  specially  required,  should  be 
obtained  by  dissolving  and  crystaUising  the  pure  substance. 

If  it  is  necessary  to  separate  two  substances  which  are  both  present  in 
quantity  but  possess  different  solubilities,  fractional  crystallisation  is  used. 

If  there  is  much  difference  in  the  solubilities  of  the  two  substances,  a 
preliminary  partial  separation  may  be  made  by  extraction  with  a  quantity 
of  warm  solvent  insufficient  to  dissolve  them  both.  If  they  are  present  in 
anything  like  equal  proportions,  the  whole  of  the  more  soluble  and  a  portion 
of  the  less  soluble  will  dissolve.  The  residue  thus  consists  of  one  substance 
only.     The  solution  is  then  fractionated  by  collecting  several  fractions  of 
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crystab  either  (a)  at  different  temperatures  as  the  hot  solution  coob,  or  (6) 

at  different  times  as  spontaneous  evaporation  proceeds. 

When  it  is  seen  (through  a  microscope,  if  necessary)  that  crystab  of  both 

substances  are  forming,  the  process  is  stopped,  the  liquor  evaporated  dry 

and  the  residue  extracted  as  at  first  with  sufficient  solvent  to  dissolve  all  the 

more  soluble,  but  not  all  the  less  soluble  sub- 
stance. Various  portions  of  the  less  soluble 
substance  are  thus  obtained  which  are  put  to- 
gether and  recrystallbed  from  fresh  solvent. 

The  less  soluble  substance  does  not  neces- 
sarily separate  out  first ;  it  may  be  present 
in  sufficiently  small  amount  to  be  completely 
dissolved  before  the  more  soluble  substance. 


Fig.  6. 
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A  quantitative  separation  of  the  substances  is  obviously  impossible. 

Distillation  and  Vacaun  distillation.    See  Book  IV.  pp.  282-5. 

Supenaturated  solutions.— It  frequently  happens  that  a  hot  saturated 
solution  will  not  crystallise  at  once  on  being  cooled.  It  b  said  to  be  super- 
saturated, and  crystallisation  can  be  induced  by  (a)  shaking,  (h)  scratching 
the  sides  of  the  vessel  with  a  glass  rod  (when  crystals  will  first  form  along  the 
scratches),  and  (c)  by  **  seeding  "  the  solution  with  a  fragment  of  the  substance 
in  solution.  In  some  obstinate  cases  it  may  be  necessary  to  leave  the  super- 
saturated solution  in  contact  with  a  little  of  the  solid  for  a  considerable  time. 

(See  Miers  and  Isaac,  J.C.S.,  1906,  89.  413 ;  J.C.S.  abs.  1907,  ii.  670 ;  and 
Hartley  and  Thomas,  ibid.  1013.) 
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CHAPTER  II. 

PREPARATION  OF  GASES. 

When  a  gas  is  prepared  by  the  action  of  a  solid  and  a  liquid  in  the  cold, 

a  Kipp  generator  is  the  most  convenient  apparatus  (Fig.  8).    The  bulb  B 

contains  the  solid.     The  tap  T  is  opened  and  the  liquid  poured  in  A  until  G 

is  full  and  the  liquid  rises  well  into  B,     T  is 

then  closed.     The  gas  generated  in  B  forces 

the  liquid  out  of  B  back  into  C  and  up  the 

tube  into  A,  when  the  action  ceases.    B  and 

about  half  of  C  are  generally  full  of  the  gas, 

which  is  thus  obtained  at  once  on  opening 

T.    D  is  for  cleaning  purposes,  and  F  is  a 

funnel  containing  a  reagent  for  preventing 

the  escape  of  a  noxious  gas. 

The  following  gases  may  be  prepared  in 
a  Kipp. 

Hydrogen. — Use  granulated  zinc  and 
dilute  sulphuric  acid  (1:8).  If  fairly  pure 
H  is  necessary,  pure  zinc  (arsenic-free)  must 
be  used.  The  action  with  sulphuric  acid  is 
very  slow  unless  the  zinc  be  coated  with 
copper  by  treating  it  with  copper  sulphate 
solution  before  putting  it  into  the  apparatus. 
Absolutely  pure  hydrogen  is  obtained  only 
by  electrolysing  barium  hydrate  solution. 

Hydrogen  sulphide. — Use  ferrous  sulphide 
and  hydrochloric  acid  (1  volume  of  com- 
mercial acid  :  1  volume  of  water). 

Carbon  dioxide. — Use  marble  and  hydro- 
chloric acid  (1  :  IJ). 

Nitric  oxide. — Use  copper  turnings  and  nitric  acid  (1:1^). 

Chlorine. — Use*  bleaching  powder  (made  into  lumps)  and  strong  hydro- 
chloric acid  (1  volume  commercial  acid  :  ^  volume  of  water).     1^  l»  ^  i 

N.B, — These  gases  may  be  dried  by  strong  sulphuric  acid  if  necessary, 
with  the  exception  of  hydrogen  sulphide,  which  reacts  with  it  readily  thus  : 

H^  +  H^04  =  SOa  +  S  +  2H,0. 


Fig.  8. 
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This  gas  is  therefore  dried  by  calcium  chloride  if  necessary. 

In  any  case,  all  the  above  gases  before  use  should  be  passed  through  a 
wash-bottle  containing  a  little  water.  This  is  to  free  them  from  acid  fumes, 
spray,  etc.,  from  the  Kipp. 

The  preparation  of  other  gases  frequently  required  is  described  below. 

Oxygen. — Heat  carefully  a  mixture  of  potassium  chlorate  4  parts,  man- 
ganese dioxide  1  part.  As  thus  prepared  it  is  slightly  contaminated  with 
chlorine.  If  required  quite  pure,  it  must  be  made  by  heating  potassium 
chlorate  alone.  A  higher  temperature  is  necessary,  and  either  a  Jena  flask 
or  an  iron  retort  (made  for  the  purpose)  should  be  used. 

Hydrochloric  acid  gas  is^conveniently  prepared  by  putting  strong  hydro- 
chloric acid  in  a  flask  fitted  with  a  delivery  tj^e  and  dropping  funnel,  and 
dropping  strong  sulphuric  acid  slowly  in  bom  the  funnel.  The  stream  of 
gas  can  be  regulated  to  a  nicety. 

The  gas  may  also  be  obtained  by  mixing  2  parts  of  strong  sulphuric  acid, 
1  part  of  water  and  2  parts  of  common  salt  (all  by  tpeigJU),  This  mixture 
gives  the  gas  only  when  warmed,  and  there  is  complete  control  over  the 
rate  of  the  reaction. 

Chlorine. — If  only  a  small  quantity  is  required,  the  most  convenient 
way  is  to  drop  strong  hydrochloric  acid  from  a  dropping  funnel  on  to  solid 
potassium  permanganate  contained  in  a  flask.  Towards  the  end  of  the 
reaction  the  flask  may  be  gently  warmed. 

Large  quantities  of  chlorine  are  most  economically  prepared  by  heating 
manganese  dioxide  (lumps,  not  powder)  with  strong  hydrochloric  acid  in  a 
two-Utre  flask.  Granular  p3rrolusite  should  be  used,  and  fresh  acid  is  intro- 
duced in  the  gaseous  form  by  a  delivery  tube  dipping  beneath  the  liquid, 
thus  avoiding  undue  dilution. 

The  large  flask  is  heated  on  a  water-  or  sand-bath,  and  the  chlorine  is 
washed  with  water  to  free  it  from  hydrochloric  acid,  and  dried  (if  necessary) 
by  strong  sulphuric  acid. 

Sulphur  dioxide  is  sold  in  the  liquid  form  in  glass  ''  syphons."  If  one  of 
these  is  not  available,  the  gas  may  be  prepared  by  heating  copper  turnings 
with  strong  sulphuric  acid. 

Ammonia  is  most  conveniently  obtained  by  cautiously  warming  '880 
ammonia  solution  in  a  flask,  and  drying  the  evolved  gas  by  quick-lime. 

Nitrogen  is  obtained  by  passing  air  first  through  *880  ammonia  and  then 
over  redrhot  copper  turnings.  The  oxygen  of  the  air  is  absorbed  by  the 
copper  and  the  resulting  copper  oxide  is  at  once  reduced  back  to  copper 
by  the  ammonia.  The  frequent  renewals  of  the  contents  of  the  copper  tube 
are  thus  entirely  avoided. 

2Cu  +  02  =  2CuO, 
2NH8  +  3CuO  =  N2-f-3H,0. 

The  gas  should  be  washed  with  sulphuric  acid  (1  :  4)  to  free  from  excess 
of  ammonia,  and  dried  by  strong  sulphuric  acid.  The  use  of  dilute  acid  to 
free  it  from  ammonia  is  to  avoid  the  danger  of  a  great  rise  in  temperature 
should  a  large  excess  of  ammonia  come  over. 

Small  quantities  of  nitrogen  may  be  prepared  by  carefully  heating  a 
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solution  of  ammonium  nitrite  (sodium  nitrite  and  ammonium  chloride  in 
molecular  proportions). 

NH4N02  =  2H,0  +  N,. 

The  method  is  not  recommended  as  it  is  difficult  to  control,  and  the  nitrogen 
is  generally  contaminated  with  oxides  of  nitrogen,  especially  when  the  action 
becomes  violent. 

Nitroiu  oxide  is  obtained  by  heating  ammonium  nitrate  in  a  flask  fixed 
.  horizontally.    A  second  flask  may  be  used  to  condense  some  of  the  water 
formed  bv  the  reaction. 

NH4N03  =  2H20  +  N20. 

Heat  carefully,  as  the  decomposition  may  become  dangerously  violent, 
especially  when  only  a  small  quantity  of  ammonium  nitrate  is  left. 

Nitric  oxide  as  obtained  from  copper  and  nitric  acid  is  never  pure.  It 
generally  contains  a  small  proportion  of  nitrous  oxide,  which  increases  as  the 
nitric  acid  becomes  dilute.    If  required  quite  pure  it  may  be  prepared 

(a)  By  dropping  strong  sulphuric  acid  very  slowly  on  to  an  intimate 
mixture  of  sodium  nitrite  and  ferrous  sulphate. 

(h)  By  slowly  dropping  a  solution  of  sodium  nitrite  (20%)  into  a  solution 
of  ferrous  chloride  and  hydrochloric  acid.  The  residual  solution  from  the 
HgS  Eipp,  boiled  in  a  large  flask  till  free  from  H2S,  is  excellent  for  this  purpose. 

Carbon  monoxide  is  obtained  by  warming  strong  sulphuric  acid  and 
slowly  dropping  in  formic  acid,  or  a  strong  solution  of  sodium  formate,  from 
a  dropping  funnel. 

HC00H-H20  =  C0. 

It  is  cheaper  to  use  oxalic  acid, 

H,C,04  -  H,0  =  CO  +  CO2, 

but  the  GO2  produced  at  the  same  time  has  to  be  removed  by  passing  the 
gas  through  several  wash-bottles  containing  strong  caustic  soda  solution, 
and  finally  through  a  tower  filled  with  soda  lime.  The  removal  of  the  carbon 
dioxide  from  the  somewhat  rapid  stream  of  gas  is  incomplete  with  one  or 
two  wash-bottles. 
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CHAPTER  III. 

METALLIC  OXIDES. 

A.  Basic  oxides. — The  followiDg  general  methods  are  used  for  preparing 
metallic  oxides  (basic). 

(i)  The  metal  is  heated  in  air  or  oxygen.  This  method  is  not  much  used, 
as  in  most  cases  combustion  is  very  incomplete.  Black 'copper  oxide,  CuO, 
and  litharge,  PbO,  are  made  in  this  way  on  the  large  scale,  litharge  being  a 
by-product  in  the  cupellation  of  lead-silver  alloys  in  the  extraction  of  silver 
from  lead  by  Pattinson's  method  of  eighths.  CuO  made  thus  nearly  always 
contains  much  imoxidised  copper,  or,  at  any  rate,  cuprous  oxide. 

(ii)  The  carbonate  of  the  metal  is  heated  strongly,  e.g, 

CaC08  =  CaO  +  C02. 

This  is  a  very  useful  method,  as  various  carbonates  occur  naturally  of 
sufficient  purity  to  give  a  fairly  pure  oxide,  e.g.  CaCOj,  MgCOj,  BaCOj, 
SrCO,. 

Otherwise  the  metallic  carbonate  is  precipitated  from  a  solution  of  some 
salt  of  the  metal  by  adding  the  required  amount  of  sodium  carbonate.  It 
is  then  filtered,  washed,  dried  and  ignited. 

In  a  few  cases,  e.g.  barium  and  strontium  carbonates,  an  exceedingly  high 
temperature  is  required  to  get  rid  of  the  carbon  dioxide.  In  these  cases,  the 
required  amount  of  carbon  is  mixed  with  the  carbonate,  and  the  reaction  takes 
place  much  more  readily,  e.g. 

BaC03  +  C  =  BaO  +  2CO. 

(iii)  By  heating  the  nitrate  of  the  metal,  e.g. 

2Pb(N08), = 2PbO  +  4N0,  +  0,. 

This  method  rarely,  if  ever,  gives  a  pure  oxide,  as  the  last  traces  of  oxides 
of  nitrogen  are  very  difficult  to  remove  ;  nevertheless  it  is  a  useful  laboratory 
method. 

(iv)  The  hydroxide  of  the  metal  is  heated  strongly.  It  is  obtained  by 
adding  the  required  amount  of  sodium  or  ammonium  hydroxide  to  a  solution 
of  a  metallic  salt,  filtering,  washing,  drying  and  igniting.  (Ammonium 
hydroxide  is  used  only  in  the  cases  of  the  trivalent  metals,  iron(ic)  chromium 
and  aluminium ;  sodium  hydroxide  is  used  in  other  cases.  The  reason  for 
this  is  that  ammonium  hydroxide  either  does  not  precipitate,  or  does  so  very 
incompletely,  the  hydroxides  of  the  divalent  metals.  (See  Qualitative 
Analysis  under  each  metal.)  « 
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(v)  In  a  few  cases  none  of  the  above  methods  are  available.  These  are 
discussed  in  detail  below. 

Preparation  of  Metallic  oxides  by  above  Methods. 

Method  I. 

1.  Preparation  of  copper  oxide,  CaO,  from  Oopper.—A  known  weight  of 
precipitated  copper  (from  the  action  of  zinc  on  copper  sulphate  solution)  is 
placed  in  a  wide  crucible  and  heated  by  a  bunsen  burner,  at  first  gently, 
being  constantly  stirred  by  a  stout  copper  wire.  If  this  is  not  done,  it  quickly 
forms  a  hard  eake,  and  complete  combustion  is  impossible.  After  a  time 
raise  the  temperature  to  a  red-heat,  and  stir  frequently,  until  the  theoretical 
gain  in  weight  is  obtained.  The  heating  may  be  finished  in  a  small  crucible 
furnace  or  a  muffle.  The  product  should  be  completely  soluble  in  dilute 
sulphuric  acid.* 

If  copper  turnings,  filings,  or  clippings  of  copper  wire  are  used,  combustion 
will  be  incomplete.  This,  however,  is  inamaterial  for  most  purposes.  (See 
p.  10). 

Mercuric  oxide  is  also  prepared  on  the  large  scale  by  heating  mercury 
in  air  under  pressure.     It  is  not,  however,  a  useful  laboratory  method. 

When  iron  wire  is  burnt  in  oxygen  the  oxide  Fe304  is  produced. 

Method  II. 

2.  Preparation  of  quick-lime  from  marble. — Some  clean  pieces  of  marble 
are  placed  in  a  crucible  and  heated  for  several  hours  in  a  crucible  furnace  or 
a  muffle.    The  M^ker  furnace  (Fig.  4c)  is  also  excellent  for  this  purpose.    The 

reaction  CaCOj  ;;:  CaO  +  CO, 

is  reversibje,  and  unless  the  CO,  formed  is  removed  (by  air  current,  etc.)  the 
action  will  not  be  complete  except  at  a  very  high  temperature.  Continue 
the  heating  until  the  theoretical  loss  of  weight  is  obtained. 

3.  Magnesiun  oxide  is  prepared  similarly  from  magnesite.  The  decom- 
position in  this  case  takes  place  much  more  readily. 

4.  Copper  oxide. — Weigh  out  convenient  quantities  of  copper  sulphate 
CUSO4, 5H2O,  and  sodium  carbonate  NajCOj,  lOHgO.  Dissolve  them  separately 
in  water,  filter  if  necessary,  raise  to  a  boil  and  mix  gradually  with  constant 
stirring.  A  basic  carbonate  of  copper  is  precipitated,  which  is  filtered,  washed 
with  boiling  water  till  25  c.cs.  of  the  filtrate  no  longer  react  with  barium 
chloride  solution  (t.«.  till  the  soluble  sulphate  is  washed  out),  and  dried  in 
the  steam  oven.  It  is  transferred  to  a  crucible  and  heated  strongly  to  convert 
it  to  the  oxide. 

CuS04(5H20)  +  Na2CO3(10HaO)  =  CuCO,  +  Na^SO^, 
249  286 

and  then  CuCOa  +  HjO  goes  partly  into  Cu(OH)2  +  C02.  The  higher  the 
temperature  and  the  more  dilute  the  solution,  the  more  basic  will  be  the 
carbonate.    (See  under  basic  salts.) 

Thus  we  see  that  25  gms.  of  copper  sulphate  crystals  and  29  gms.  of  soda 
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crystals  are  convenient  quantities  to  take.    The  yield  of  CuO  should  be 
theoretical. 

Cadmium  oxide,  CdO,  may  be  prepared  similarly. 

5.  Bariun  oxide  from  witheriie,  BaCOs.— Since  barium  carbonate  is 
completely  decomposed  by  heat  only  with  great  difficulty,  it  is  reduced  by 
mixing  with  carbon  and  heating  strongly. 

BaCOs +  C  =  BaO  +  2CO. 

Grind  up  very  finely  50  gms.  of  the  mineral,  mix  intimately  with  the 
theoretical  weight  of  carbon  (lamp-black  should  be  used,  as  other  forms  of 
carbon  leave  considerable  ash),  place  in  a  clay  crucible  and  heat  strongly  for 
2-3  hours  in  a  muffle.  Bottle  up  the  BaO  whilst  still  warm,  and  seal  the  cork 
with  wax. 

The  BaO  should  dissolve  in  dilute  hydrochloric  acid  without  evolution 
of  carbon  dioxide.  On  exposure  to  the  air  it  absorbs  carbon  dioxide  and 
moisture  very  readily. 

6.  Strontiun  oxide. — SrO  (strontia)  may  be  similarly  prepared  from 
strontianite,  SrCOj. 

Method  III. 
By  strongly  heating  the  nitrate  of  the  metal. 

7.  Oopper  oxide  from  copper. — A  known  weight  of  copper  is  dissolved  in 
the  least  possible  amount  of  strong  nitric  acid,  and  the  solution  evaporated 
to  dryness  on  a  sand-bath  in  a  good  draught  cupboard.  Care  must  be  taken 
towards  the  end  to  prevent  the  substance  spirting. 

A  green  basic  nitrate  of  copper  is  left,  which  on  being  heated  strongly 
decomposes,  leaving  CuO.  However  strongly  this  is  heated,  it  always  contains 
a  little  nitrogen  (probably  as  a  highly  basic  nitrate),  and  copper  oxide  prepared 
in  this  way  is  useless  for  organic  combustions  in  which  nitrogen  is  being 
determined  (q.v,). 

For  such  a  purpose  copper  oxide  made  from  wire  clippings  by  heating 
them  strongly  in  air  is  used. 

The  normal  action  of  heat  on  a  metallic  nitrate  is  represented  as  follows  : 

2X(N03)j  =  2X0  +  4NO2  +  Ojj. 

This  takes  place  more  or  less  readily  with  all  nitrates  except  those  of 
sodium,  potassium  and  ammonium.  But  the  action  is  not  always  as  complete 
as  ii^the  case  of  copper  nitrate  :  e.g.  barium  nitrate  requires  an  exceedingly 
high  temperature  to  effect  anything  like  complete  decomposition. 

Furthermore,  lead  nitrate  is  the  only  common  nitrate  (except  silver 
nitrate,  q.v.)  which  does  not  contain  water  of  crystallisation.  When  such 
nitrates  are  heated,  partial  hydrolysis  takes  place  during  dehydration,  leaving 
a  basic  nitrate  (see  under  basic  salts),  somewhat  as  follows  : 

4  Cu(N03)„6H20  =  Cu4(OH)e(N03)j  +  6HNO3  +  18H,0. 

Ferric  oxide,  Fe203,  is  prepared  by  the  method  of  No.  7.    (See  also  p.  12.) 

8.  Merenric  oxide  from  mercury. — A  known  weight  of  mercury  is  dissolved 
in  the  minimum  quantity  of  strong  nitric  acid,  and  evaporated  carefully  to 
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dryness.  (A  basic  nitrate  is  thereby  formed.)  This  is  cautiously  heated  on 
a  gauze,  remembering  that  mercury  oxide  is  readily  decomposed  by  a  high 
temperature.  The  mass  gradually  darkens  in  colour  till  it  is  almost  black. 
This  black  substance  is  hot  HgO  (red  when  cold),  and  its  decomposition  into 
mercury  and  oxygen  is  detected  by  the  condensation  of  mercury  on  a  test- 
tube  of  cold  water  held  over  the  basin.  When  this  occurs,  allow  to  cool. 
Compare  the  yield  with  that  demanded  by  theory. 

It  should  here  be  noted  that  mercurous  nitrate  and  mercuric  nitrate  are 
both  liable  to  be  formed,  but  either  salt  when  heated  gives  mercuric  oxide, 

thus  :  Hg2(N03)e  =  2HgO  +  2NO2, 

2Hg(N08)8  =  2HgO  +  4NO2  +  O2. 

Note  that  silver  oxide,  Ag^O,  cannot  be  prepared  thus,  as  its  decomposition 
temperature  is  below  that  of  silver  nitrate.    On  heating  silver  nitrate  we 

have  :  2AgN03  =  2Ag  +  2NO2  +  Oj. 

The  action  of  strong  nitric  acid  on  tin  and  antimony  is  to  form  the  oxides 
(hydrated)  directly.  In  the  case  of  tin  a  white  insoluble  substance  is  formed, 
having  when  dried  in  vacuo  the  empirical  formula 

Hj^nO,  (t.e.SnO,.H20). 

It  is  called  meta-stannic  acid,  and  is  quite  different  in  its  properties  from 
the  substance  produced  when  stannic  chloride  is  treated  with  ammonium 
hydroxide,  though  this  substance  has  the  same  empirical  formula.  (For 
full  discussion  of  these  compounds  see  under  Tin  in  Qualitative  Analysis.) 

9.  Stannic  oxide,  SnOj. — Five  grams  of  tin  are  treated  in  a  basin,  in  the 
draught-cupboard,  with  nitric  acid  (1:1).  As  the  action  slackens  the  liquid 
may  be  g^^y  warmed,  and  more  acid  added  as  required  until  the  tin  is 
dissolved.  Dilute  considerably,  allow  to  settle,  decant,  add  boiling  water, 
filter,  wash,  dry  and  ignite.  The  product  should  be  white,  but  as  commercial 
tin  contains  traces  of  lead,  iron,  etc.,  it  is  generally  yellow  as  thus  prepared. 

The  action  may  be  represented  : 

Sn  +  4HNO3  =  HjSnOa  +  H^O  +  4NO2. 

Ignited  SnOg  is  quite  insoluble  both  in  acids  and  alkalis.  It  has  much 
more  markedly  acidic  than  basic  properties,  and  is  really  an  acid  anhydride. 

Antimony  pentoxide,  8b205,  is  similarly  produced,  but  the  product  must 
not  be  heated  above  275'^  C,  or  Sb204  will  be  formed. 

Method  IV. 
By  the  action  of  heat  on  the  metallic  hydroxide. 

This  method  fails  (for  practical  purposes)  in  the  case  of  sodium  and 
potassium  hydroxides,  but  will  work  in  all  other  cases.  The  metallic  hydroxide 
is  obtained  by  adding  sodium  hydroxide  solution  (the  required  amount  only) 
to  a  solution  of  a  salt  of  the  metal,  the  precipitate  is  filtered,  washed  and 
dried,  and  heated. 

If  excess  of  alkali  is  used  in  the  precipitation,  it  is  retained  in  the  precipitate 
very  tenaciously.  Moreover,  the  hydroxides  of  several  metals  are  soluble 
in  excess  of  alkali,  e.g,  zinc,  lead,  tin. 
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In  the  case  of  mercury  and  silver  salts  (also  gold  and  platinum)  the  hydrox- 
ides do  not  exist,  and  the  oxide  is  therefore  obtained  at  once,  e,g. 

Hg2(N03),  +  2K0H  =  Hg,0  +  2KNO3  +  H^O, 
Hg(N03)2  +  2K0H  =  HgO  +  2KNO3  +  H,0, 
2  AgN03  +  2K0H = AgjO  +  2KNO3  +  H,0. 

Ammonium  hydroxide  gives  a  much  cleaner  precipitate  than  sodium 
hydroxide  in  the  case  of  the  trivalent  metak  Fe(ic),  Cr,  Al  and  Bi. 

10.  Merouroiis  oxide,  EggO,  from  mercury. — Treat  some  mercury  with 
insufficient  cold  dilute  nitric  acid  for  complete  solution.  Add  to  the  solution 
the  right  amount  of  caustic  soda  solution.  Filter,  wash  and  dry  the  black 
precipitate  in  the  steam  oven. 

Note, — Mercuric  oxide  similarly  prepared  is  yellow, 

11.  Chromic  oxide,  Cr203. — The  mother-liquor  from  the  preparation  of 
chrome  alum  is  treated  with  ammonia  till  alkaline  and  boiled  for  several 
minutes  until  the  precipitate  will  settle  well. 

Avoid  a  large  excess  of  anmionia,  in  which  the  Cr(0H)3  is  somewhat 
soluble.  Filter,  wash  and  dry  the  greenish-grey  hydrate,  and  ignite  strongly 
in  a  muffle  furnace. 

Ferric  oxide,  Fe203,  and  alumina,  AI2O3,  may  be  similarly  prepared,  the 
former  from  iron  (dissolve  in  aqua  regia,  forming  ferric  chloride),  the  latter 
from  alum. 

12.  Ksmuth  oxide,  Bi203. — Dissolve  10  grams  of  bismuth  nitrate, 
Bi(N03)8,  SHjO,  in  as  little  dilute  nitric  acid  as  possible.  Add  a  consider- 
able excess  of  ammonia  solution,  boil  for  some  time,  filter  off  the  hydroxide, 
wash,  dry  and  heat  to  about  250*^  C.  to  convert  to  the  oxide,  a  pale  yellow 
powder. 

If  potash  be  added  to  the  boiling  nitrate  solution  the  trioxide  is  precipitated 
at  once  in  crystalline  form. 

Bi203  is  also  obtained  by  heating  the  carbonate  or  nitrate  in  the  usual 
way. 

13.  GrystaUine  litharge,  PbO.— To  a  boiling  solution  of  15  grams  of  caustic 
soda  in  100  c.cs.  of  water  add  a  boiling  solution  of  lead  acetate  (15  grams  in 
75  c.cs.  of  water).  Continue  the  boiling  imtil  the  litharge  forms  a  crystalline 
precipitate ;  decant,  add  boiling  water,  filter,  wash  with  boiling  water  till 
free  from  alkali,  and  dry  at  lOO*'  C. 

Stronger  alkali  gives  larger  crystals  of  a  darker  colour. 

V.  Special  Methods. 

These  are  adopted  when  (a)  they  are  more  economical  than  the  above ; 
(6)  when  the  above  methods  fail. 

As  an  example  of  (a)  may  be  taken  the  preparation  of 

14.  Strontia  from  celestiie,  8rS04,  which  is  reduced  to  SrS  by  ignition  with 
carbon,  and  converted  to  oxide  by  heating  with  CuO. 

SrS04  +  4C=SrS  +  4CO, 
SrS  +  CuO  +  H2O  =  Sr(0H)2  +  CuS. 
An  intimate  mixture  of  celestite  with  slightly  more  than  the  calculated 
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amount  of  carbon  is  packed  tightly  into  a  crucible,  covered  with  a  layer  of 
powdered  carbon  and  heated  to  white  heat  in  a  suitable  furnace,  until  a 
portion  dissolves  practically  completely  in  dilute  hydrochloric  acid.  It  is 
then  suspended  in  plenty  of  water,  excess  of  commercial  copper  oxide  added, 
and  boiled  till  it  no  longer  contains  any  soluble  sulphide  (test  a  portion  with 
lead  acetate).  Filter  whilst  hot,  wash  the  residue  with  a  little  boiling  water, 
which  is  added  to  the  main  filtrate,  and  leave  to  crystallise.  (Exclude  air.) 
Filter  rapidly  on  the  pump,  dry  and  bottle  as  quickly  as  possible. 

The  product  is  Sr(0H)2,  SHjO;  it  may  be  dehydrated  by  ignition  if  required. 

Barsrta  may  be  similarly  made  from  barjrtes,  BaS04. 

As  examples  of  (&)  may  be  taken  : 

Cuprous  oxide,  CugO,  which  is  readily  converted  to  CuO  by  heat,  and 
no  soluble  cuprous  salt  is  available  for  the  wet  methods. 

Ferrous,  manganous  and  stannous  oxides,  which  are  also  readily  oxidised, 
even  at  ordinary  temperatures.  These  are  obtained  by  heating  the  oxalate 
in  a  current  of  carbon  dioxide. 

FeC204  =  FeO  +  CO  +  C02. 

Note  also  that  ferric  oxide,  FcgOj,  is  most  economically  made  from 
ferrous  sulphate,  FeS04,  THgO,  by  ignition.  It  is  thus  obtained  as  a  residue 
in  the  manufacture  of  Nordhausen  sulphuric  acid.  As  thus  obtained  it  is  an 
impalpable  powder,  called  "  jeweller's  rouge."  Several  other  preparations 
follow. 

15.  Caproiu  oxide,  COsO,  from  copper  sulphate. — 25  gms.  of  copper  sulphate 
and  15-20  gms.  of  glucose,  C^Hj^Oe,  *^^  dissolved  separately  in  water  and 
filtered  if  necessary  into  a  basin.  A  solution  of  sodium  hydroxide  (bench 
strength)  is  now  added.  The  precipitated  copper  hydroxide  dissolves  in  the 
glucose  to  form  a  blue  solution.  It  is  then  heated,  stirring  constantly  until 
the  blue  colour  has  entirely  gone  and  an  orange-red  precipitate  forms.  If 
the  blue  colour  persists,  more  caustic  soda  or  glucose  may  be  required.  Filter, 
wash  very  thoroughly  with  boiling  water,  and  dry  in  a  steam  oven. 

The  glucose  acts  as  a  gentle  reducing  agent,  thus  : 

2Cu(OH)2  -  0  =  Cu2(0H)2  -f-  HjjO 

gluconic  acid,  C^HijO,,  being  formed.  The  Cu2(OH)2  is  dehydrated  at  100°  C, 
forming  CugO. 

16.  Manganous  oxide,  MnO,  from  Manganous  sulphate. — To  a  solution 
of  manganous  sulphate  a  solution  of  potassium  oxalate  in  requisite  quantity 
is  added.  A  white  precipitate  falls.  Allow  to  stand  for  a  short  time,  filter, 
wash  and  dry  in  the  steam  oven. 

MnS04  +  K2C2O4  =  K2SO4  +  MnC204. 

The  perfectly  dry  manganous  oxalate  is  transferred  to  a  hard  glass  tube 
drawn  out  near  each  end,  and  a  current  of  dry  carbon  dioxide  is  passed  through 
it.     When  all  air  is  displaced,  the  tube  is  heated. 

MnC204  =  MnO-HCO-hC02. 

When  the  white  substance  has  turned  into  an  olive  green  powder  (MnO) 
the  tube  is  sealed  whilst  carbon  dioxide  is  still  passing  through. 
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On  exposure  to  air,  even  at  the  ordinary  temperature,  MnO  absorbs 
oxygen  and  forms  higher  oxides  of  manganese. 

Ferrous  oxide,  FeO,  is  prepared  from  ferrous  oxalate  in  a  precisely  similar 
way.    It  is  a  black  powder. 

Stannous  oxide,  SnO,  may  also  be  obtained  thus,  but  stannous  hydroxide, 
being  far  more  stable  than  the  oidde,  may  be  used  instead  of  the  oxalate. 
It  is  prepared  from  stannous  chloride  in  the  usual  way.  SnO  is  stable  at  the 
ordinary  temperature  as  thus  prepared.    It  is  a  black  powder. 

17.  Chromic  oxide,  Cr203. — For  use  as  a  pigment  this  oxide  is  not  prepared 
according  to  No.  11,  as  other  methods  give  a  more  brightly  coloured  product. 
Several  special  methods  are  in  use,  which  are  merely  mentioned  here. 

(1)  Heat  carefully  in  a  basin  (preferably  metal)  a  little  anmionium  dichro- 
mate  ;  it  decomposes  violently  : 

(^K^)^Cifi,  =  Cr^Os  +  Ng  +  4H,0. 

(2)  An  intimate  mixture  of  potassium  dichromate  and  ammonium  chloride 
in  the  required  proportions  may  be  used  instead  of  ammonium  dichromate ; 
in  this  case  it  is  necessary  to  heat  the  mixture  fairly  strongly  in  a  crucible. 
Boil  the  product  with  water,  filter,  wash,  dry  and  ignite.  Use  it  for  preparing 
metallic  chromium  (No.  32). 

(3)  Mix  intimately  equal  weights  of  potassium  dichromate  and  boric  acid 
with  enough  water  to  make  a  stiff  paste.  Transfer  to  a  clay  crucible,  heat 
gently  till  dry  and  then  fairly  strongly.  When  cold  extract  with  water  and 
boil  well.  Filter,  wash  and  dry.  The  product  is  a  partly  hydrated  oxide, 
Ouignet's  §reen,  Cr20(0H)4. 

18.  Antimony  trioxide,  8b203. — The  first  portions  of  the  distillate  in  the 
preparation  of  antimony  trichloride  (No.  118)  will  contain  a  considerable 
amount  of  this  substance,  also  much  hydrochloric  acid.  On  diluting  it  largely, 
partial  hydrolysis  takes  place  : 

SbCla  +  H,0  =  SbOCl  ;  +  2H01. 

Hence  dilute  the  liquor  with  much  cold  water  and  allow  to  settle.  Wash 
several  times  by  decantation  with  cold  water,  and  then  suspend  in  much  water 
and  boil  for  some  time.  Filter,  wash  and  dry  at  200°  C.  A  sample  is  boiled 
with  sodium  carbonate  solution,  filtered  and  the  filtrate  acidified  with  nitric 
acid  and  tested  for  a  chloride.  If  any  is  present,  the  hydrolysis  was  not 
complete. 

19.  Antimony  pentoxide,  Sb^Os. — This  is  prepared  similarly  to  arsenic 
pentoxide  (q.v.)  by  oxidising  the  trioxide  with  strong  nitric  acid.  When 
strongly  heated  it  forms  stable  Sb204.  Hence  dry  the  above  product  at 
275*^  C. 

20.  Bismnth  pentoxide,  BigOs  (so-called  ''  bismuthic  acid  "). 

(a)  Bismuth  trioxide  (No.  11)  is  suspended  in  an  excess  of  hot  30%  potash 
solution,  and  chlorine  is  passed  in,  using  a  funnel  as  delivery  tube  (Fig.  20). 

(&)  Of,  Some  potassium  chloride  is  added  to  the  above  suspension,  and  it 
is  electrolysed  in  a  platinum  basin  (made  the  anode). 

In  either  case  a  dark-coloured  insoluble  deposit  is  produced,  said  to  be 
potassium  bismuthate,  KBiOg.  Dilute  the  liquid  considerably,  decant,  wash 
with  water,  and  boil  the  powder  with  strong  nitric  acid  for  a  short  time. 
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Bismuthic  acid,  HBiOj,  is  produced,  a  scarlet  powder ;    dilute  the  liquid, 
decant,  filter,  wash  and  dry  at  100°  C.     Oxygen  is  evolved  if  the  heating  is 
continued  beyond  the  time  necessary  to  drive  off  the  "  hydrate  "  water. 
Heated  very  strongly,  it  passes  into  Bi204  (?). 

B.    PEROXIDES. 

A  metallic  peroxide  is  one  which 

(a)  When  heated  gives  off  oxygen  and  leaves  a  lower  oxide. 

(b)  When  treated  with  hot  hydrochloric  acid  gives  off  either  chlorine  or 
oxygen. 

(c)  When  heated  with  strong  sulphuric  acid  gives  off  oxygen. 
There  are  two  general  methods  of  preparation  : 

(i)  The  dry  method,  in  which  the  lower  oxide  is  heated  in  air  or  with  a 
suitable  oxidising  agent  and  thus  made  to  take  up  oxygen. 

(ii)  The  wet  method,  in  which  the  hydroxide  of  the  lower  oxide  is  precipi- 
tated by  an  alkali  and  then  oxidised  by  a  solution  of  an  oxidising  agent. 

Examples  of  the  Dry  Method. 

21.  Barimn  peroxide,  BaOs* — Barium  monoxide,  BaO,  from  No.  5,  is 
placed  in  a  hard  glass  tube  and  heated  to  dull  redness  in  a  slow  stream  of 
oxygen  which  is  dried  by  strong  sulphuric  acid  and  passed  over  soda-lime  to 
absorb  any  carbon  dioxide.  The  process  is  continued  till  the  gain  in  weight 
is  approximately  that  demanded  by  the  equation 

2BaO  +  02C^  2BaOj. 

Air  may  be  used,  but  the  process  will  take  considerably  longer.  * 

The  product  may  be  used  for  the  preparation  of  hydrogen  peroxide 

(No.  27). 

When  BaOj  is  heated  to  a  bright  red  heat  the  above  reaction  goes  from 

right  to  left. 

The  method  forms  the  basis  of  Brin's  process  for  obtaining  oxygen  from 

the  air. 

22.  Red  lead,  Pb304. — This  may.be  obtained  by  heating  litharge  to 
350^-400°  C.  in  air  or  oxygen,  either  in  a  similar  manner  to  that  of  No.  17, 
or  by  spreading  the  litharge  on  a  clean  sand-tray  and  heating  with  a  rose- 
burner.  In  either  case  the  operation  is  lengthy,  and  the  regulation  of  tem- 
perature difficult.  A  small  quantity  may  be  conveniently  prepared  by 
weighing  out  litharge  and  potassium  chlorate  in  the  proportion  3PbO  :  KCIO3. 
The  chlorate  is  dissolved  in  the  minimum  of  water,  and  the  litharge  made  into 
a  paste  with  the  solution.  It  is  then  dried  carefully  and  heated  to  a  tempera- 
ture of  400°-450°  {no  higher).  When  the  action  is  complete  allow  to  cool, 
grind  up  the  mass,  extract  with  boiling  water,  and  finally  filter,  wash  and  dry 
at  100°. 

23.  Lead  peroxide,  PbOg  (Kassner,  Chemische  Industrie,  18,  104,  120).— 
When  a  mixture  of  litharge  and  calcium  carbonate  are  heated  in  air,  the 
reaction 

PbO  +  2CaC03  +  O2 = CajjPbO^  +  2CO2 
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takes  place,  calcium  plumbate  being  formed.  This  is  decomposed  by  nitric 
acid  thus  :  Ca^PbO^  +  4HNO3  =  2Ca(N08)2  +  PbO^. 

Hence  mix  intimately  litharge  and  precipitated  calcium  carbonate  in  the 
proportions  demanded  by  the  equation,  put  into  a  clay  crucible  and  ignite 
strongly  in  a  furnace,  allowing  free  access  of  air,  and  stirring  frequently  with 
a  stout  iron  wire.  The  ignition  is  continued  until  a  small  sample  of  the 
product  gives  no  test  for  carbonate.  Allow  to  cool,  and  slowly  add  the 
powdered  mass  to  a  slight  excess  of  hot  dilute  nitric  acid  kept  hot  in  a  large 
basin.  Decant  and  treat  the  residue  with  more  boiling  dilute  nitric  acid. 
Finally  filter,  wash  and  dry  the  dark-brown  oxide,  and  dry  at  120*^  C.  in  an 
air-oven. 

Examples  op  the  Wet  Method. 

24.  Lead  peroxide. — If  lead  hydroxide  be  precipitated  from  a  solution  of  a 
lead  salt,  and  treated  with  an  oxidising  agent  such  as  hypochlorite,  hydrogen 
peroxide,  chlorine,  etc.,  it  is  oxidised  to  lead  dioxide. 

The  most  suitable  oxidising  agent  is  bleaching  powder,  which  contains  the 
necessary  alkali  as  well  as  the  oxidising  agent. 

To  a  solution  of  50  grams  of  lead  acetate  kept  hot  in  a  large  basin,  add 
gradually  a  filtered  solution  of  bleaching  powder,  until  a  specimen  of  the  clear 
liquid,  treated  with  bleaching  solution  and  heated,  gives  no  more  precipitate. 

PbCCaHaOji)^  +  Ca(0H)2  =  Pb(OH)j  +  Ca(C2H302)2, 
Pb(0H)2  -H  CaOClg  =  CaClg  -f-  PbOjj  +  HjO. 
Then  allow  to  settle,  decant,  wash  twice  by  decantation  with  hot  water,  then 
once  with  hot  water  containing  a  little  nitric  acid.    Filter,  wash  and  dry  at 
120®  C.  in  air  oven. 

25.  Lead  sesqai-ozide,  Pb203. — This  oxide  is  obtained  by  the  oxidation 
of  a  strongly  alkaline  lead  solution. 

To  a  solution  of  50  grams  of  lead  acetate  in  250  c.cs.  of  water  in  a  large 
basin  add  10%  caustic  soda  solution,  gently  warming  meanwhile,  till  the 
precipitate  formed  at  first  redissolves.  Then  add  a  solution  of  bleaching 
powder,  freshly  made  by  grinding  bleaching  powder  in  a  large  mortar  with 
cold  water  and  filtering.  The  liquid  is  heated  meanwhile,  and  the  hypochlorite 
solution  slowly  added  until  no  more  precipitate  forms.  Allow  to  settle, 
decant  at  once,  wash  with  boiling  water  by  decantation,  filter,  wash  and  dry 
at  lOO*'.    An  orange  powder. 

N.B. — Unless  the  washing  from  excess  of  bleaching  solution  is  done  at 
once,  atmospheric  carbon  dioxide  will  soon  precipitate  calcium  carbonate, 
from  which  the  PbgOg  cannot  be  freed.  It  is  therefore  better,  though  not  so 
economical,  to  use  sodium  hypochlorite  solution. 

The  action  of  dilute  nitric  acid  on  Pb^Og  and  Pb304  is  as  follows : 

Pb203  +  2HNO3  =  Pb(N03)2  4-  PbOg  4-  H2O. 
Pb304  4-  4HNO3  =  2Pb(N08)2  +  Pb02  4-  2H2O, 
thus  indicating  that  they  are  both  salts  of  plumbic  acid. 

PbjOj  is  lead  meta-plumbate  (i.e.  from  HgPbOs). 
Pb304  is  lead  ortho-plumbate  (i.e.  from  H4Pb04). 
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Acetic  acid  acts  similarly  to  nitric. 

26.  Barium  peroxide  (hydrated),  BaOs^SHsO.— 50  grams  of  the  crude 
barium  peroxide  from  No.  21  are  ground  with  water  to  a  thin  cream,  cooled 
to  0®  C,  and  added  slowly  to  the  calculated  amount  of  ice-cold  dilute  hydro- 
chloric acid  (about  2  N)  until  present  in  slight  excess.  Filter  (or  decant)  and 
pour  into  it  a  saturated  barium  hydroxide  solution  at  0°  C.  imtil  no  more 
precipitate  forms.  Filter  the  crystalline  mass  on  the  pump,  wash  with 
several  smaU  quantities  of  ice-water,  and  dry  at  130^  C,  at  which  temperature 
the  water  of  crystallisation  is  lost. 

Reactions : 

BaOg  +  2Ha  =  BaOj  +  H^O^, 
Ba(0H)2  +  HaOjj  =  BaOg  +  2H,0. 
The  BaOj  then  crystallises  with  SHjO,  forming  most  probably 

Ba(0H)4 .  6H2O. 

27.  Hydrogen  peroxide,  H2O2. — Crude  BaOs  from  No.  21  is-  added  a  little 
at  a  time  to  5%  phosphoric  acid  solution  cooled  with  ice  and  contained  in  a 
mortar.  Grind  thoroughly  and  continue  the  addition  and  grinding  until  the 
reaction  to  litmus  is  neutral.  Allow  to  settle  and  decant  the  liquid  as  far  as 
possible  from  the  insoluble  barium  phosphate.  Extract  the  residue  once  or 
twice  with  a  little  ice  cold  water  and  add  the  extractions  to  the  main  portion. 
Finally  filter  the  decanted  liquids.  The  strength  may  be  found  by  titration 
with  permanganate  (Quantitative  Analysis,  p.  249),  or  by  measuring  the 
oxygen  evolved  when  the  peroxide  is  catalytically  decomposed  by  MnOj 
(p.  276). 

The  solution  may  be  concentrated  by  evaporation  at  75°  C.  in  a  perfectly 
smooth  basin,  till  evolution  of  oxygen  commences.  Further  concentration 
must  be  performed  by  vacuum  distillation  (p.  285). 

The  pure  liquid  is  dangerous  to  handle  owing  to  its  liability  to  explosive 
decomposition. 

For  the  reactions  of  HjOg  see  p.  116. 
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CHAPTER  IV. 

METALS. 

Metals  are  obtained  from  either  their  oxides  or  sulphides  by  the  foQowing 
methods : 

1.  Redaction  of  the  oxide  by  heating  with  a  reducing  agent  such  as 
hydrogen,  carbon  monoxide,  carbon,  potassium  cyanide,  or  another  metal, 
as  aluminium  or  magnesium. 

2.  Reduction  of  the  sulphide  by  means  of  iron  or  aluminium. 

N.B. — "  Auto-reduction  "  as  practised  on  the  large  scale  by  roasting  two- 
thirds  to  oxide  and  then  heating,  is  not  a  practical  laboratory  method. 

3.  Reducing  agents  in  solution. 

Examples  op  Method  1. 

28.  Copper  from  copper  oxide. — Porous  lumps  of  copper  oxide  made  from 
the  nitrate  are  packed  in  a  hard  glass  tube  and  heated  in  the  tube  furnace, 
whilst  a  stream  of  dry  hydrogen  made  from  a  pure  zinc-copper  couple  and 
sulphuric  acid  is  led  over  it.  (Carbon  monoxide  is  preferable,  as  being  purer.) 
Note  that  all  air  must  be  swept  out  of  the  apparatus  by  the  hydrogen  stream 
before  the  tube  is  heated,  or  an  explosion  will  result.  The  copper  is  obtained 
in  pink  porous  lumps,  and  in  this  condition  is  readily  oxidised  by  exposure 
to  air.    It  should  be  cooled  in  the  hydrogen  stream  and  bottled  at  once. 

Iron  ("  ferrum  redactum  "),  nickel  and  cobalt  may  be  similarly  prepared. 
Nickel  as  thus  made  is  of  great  importance  as  a  catalyst. 

29.  Pore  lead,  acoording  to  Stas. — ^Pure  lead  carbonate  is  added  gradually 
to  some  molten  potassium  cyanide  (excess)  in  a  crucible. 

PbCOj=PbO-HC02t 
PbOH-KCN  =  KCNO-HPb. 

The  lead  thus  obtained  is  re-melted  with  pure  potassiilm  cyanide ;  it 
should  exhibit  when  molten  a  convex  surface  as  brilliant  as  that  of  mercury. 
It  is  very  soft  and  tarnishes  rapidly  in  the  air. 

The  pure  lead  carbonate  is  prepared  thus  :  50  grams  lead  acetate  dissolved 
in  warm  water  are  digested  with  thin  lead-foil  at  50°  C.  (This  removes 
traces  of  less  positive  metals,  as  copper.)  The  filtered  solution  is  poured  into 
almost  boiling  dilute  sulphuric  acid.  The  lead  sulphate  is  washed  by  decanta- 
tion  till  free  from  sulphuric  acid,  suspended  in  water  and  treated  with  a 
solution  of  anmionium  carbonate  and  ammonia  at  about  35®  C,  whereby  it 
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is  converted  into  lead  carbonate.  It  is  again  washed  thoroughly  by  decanta- 
tion,  but  still  contains  traces  of  iron.  To  remove  this  a  portion  is  heated 
carefully  till  converted  into  litharge,  and  the  rest  dissolved  in  dilute  nitric 
acid  (strength  2N),  leaving  a  little  undissolved.  This  lead  nitrate  solution 
is  boiled  and  the  litharge  gradually  added. 

2Fe(N08)8  +  3PbO  +  SH^O = SPbCNOj)^  +  2Fe(OH)3. 

The  solution  is  filtered  into  excess  of  ammonium  carbonate  solution,  and  the 
precipitate  thoroughly  washed  and  dried.  It  is  now  ready  for  use.  (See 
Stas'  first  Memoir  (I860) ,) 

For  ordinary  purposes,  lead  may  be  obtained  from  commercial  litharge 
by  mixing  with  the  requisite  weight  of  carbon  (wood-charcoal)  and  some 
fusion  mixture  to  act  as  a  flux. 

PbO  +  C  =  CO  +  Pb, 

and  heating  in  a  plumbago  crucible  in  a  furnace. 

The  mixture  should  be  stirred  occasionally  with  the  stem  of  a  clay  pipe, 
to  cause  the  lead  buttons  to  run  together.  Granulate  the  fused  metal  by 
pouring  it  slowly  from  a  height  of  4  feet  into  a  large  bowl  of  cold  water. 

30.  Tin  from  stannic  oxide,  SnO^. — Either  commercial  stannic  oxide  or 
the  mineral  tinstone  may  be  used.  If  the  latter,  it  must  be  finely  powdered. 
Mix  equal  weights  of  the  oxide  and  potassium  cyanide,  place  in  a  porcelain 
crucible,  and  heat  strongly  in  a  furnace  until  a  clean  button  of  molten  tin 
can  be  seen  under  the  fused  residue. 

2KCN  +  SnO, = 2KCN0  +  Sn. 

Allow  to  cool  and  place  the  crucible  in  warm  water  in  a  basin  ;  the  mass 
readily  dissolves  and  the  button  is  washed  and  dried. 

SnO,  may  also  be  reduced  by  hydrogen,  as  in  No.  28. 

Antimony  may  be  prepared  in  a  similar  manner  from  some  of  ihe  antimony 
trioxide  from  No.  18,  using  a  slight  excess  of  potassium  cyanide. 

So  also  may  lead  and  bismuth  be  prepared  from  their  oxides. 

Reductions  by  other  Metals. 

A.   By  Aluminum.    (Goldschmidt,  Liebigs  Ann.,  801,  19  (1899) .) 
N.B. — Do  not  attempt  these  on  too  small  a  scale.    They  are  best  performed 
out  of  doors. 

31.  Iron  from  iron  oxide  (the  original  ''  thermite  "). — A  mixture  of  mag- 
netic oxide  (Fe304,  hammer  scale)  and  aluminium  filings  (not  powder)  in  the 
right  proportions  is  placed  in  a  crucible,  and  a  small  hole  made  in  the  top 
of  the  mixture.  Into  this  is  introduced  a  ''  fuse  "  consisting  of  a  mixture  of 
barium  peroxide  and  magnesium  powder  in  the  correct  proportions.  A  piece 
of  magnesium  ribbon  is  placed  in  this,  the  crucible  is  set  in  a  larger  crucible, 
and  the  magnesium  lighted.  A  violent  reaction  starts,  the  whole  mass 
becomes  incandescent,  and  the  iron  produced  melts  and  runs  to  the  bottom 
of  the  crucible  and  is  there  protected  by  the  fused  alumina. 

3Fe804  +  8A1 = 4AI2O3  +  9Fe. 

The  method  is  used  for  welding  tram-lines ;    the  molten  iron  is  allowed 
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to  run  into  a  suitable  mould  placed  round  the  ends  to  be  welded,  and  it  forms 
a  solid  joint. 

Metlllio  manganese  is  made  similarly  from  1^,04  (got  by  heating  pyrolusite 
very  strongly  in  a  crucible  furnace)  and  aluminium.  The  heat  is  insufficient 
to  fuse  the  manganese  completely. 

32.  Chromium  from.ohromio  oxide. — In  this  case  the  heat  of  the  reaction 
is  hardly  sufficient  to  melt  the  chromium  completely,  so  the  temperature  is 
increased  either  by  heating  the  crucible  in  a  furnace  till  the  reaction  starts, 
or  more  simply  by  mixing  some  dry  potassium  dichromate  with  the  chromic 
oxide,  whereby  the  heat  of  the  reaction  is  increased. 

Some  potassium  dichromate  is  just  melted  in  a  porcelain  basin  and  allowed 
to  cool.  It  can  then  be  reduced  easily  to  a  fine  powder,  20  grams  of  which 
are  mixed  with  70  grams  of  absolutely  dry  chromic  oxide  (from  No.  II),  and 
sufficient  aluminium  filings  to  reduce  the  chromic  oxide  only.  The  mixture 
is  placed  in  a  clay  crucible  of  200  grams  capacity,  which  is  packed  in  dry 
sand  in  a  flower-pot  or  some  such  vessel. 

Some  of  the  fuse  mixture  (see  No.  31)  is  placed  in  a  small  hole  in  the 
reaction  mixture,  and  a  piece  of  magnesium  ribbon  is  fixed  therein  and 
lighted.  The  chromium  produced  may  not  be  completely  melted  ;  the  partly 
fused  regulus  may  be  us^  for  the  preparation  of  chromic  chloride  (No.  117). 

Silicon  and  boron  may  also  be  made  by  a  modification  of  the  thermite 
process.    (See  under  Noh-metallic  elements.) 

2.  Reduction  of  a  Sulphide  by  Mbtaluc  Iron. 

33.  Antimony  from  Siibnite,  Sb^Ss- — 20  grams  of  finely  powdered  stibnite 
are  mixed  intimately  with  rather  less  than  the  calculated  quantity  of  fine 
sifted  iron  filings,  2  or  3  grams  of  anhydrous  sodium  sulphate  to  act  as  a  flux 
and  a  pinch* or  two  of  powdered  wood  charcoal  to  prevent  oxidation.  The 
mixture  is  put  into  a  porcelain  crucible  provided  with  a  lid,  and  heated  to  a 
medium  red-heat  in  a  suitable  furnace. 

SbjSj  +  3Fe  =  3FeS  +  2Sb. 

The  products  should  just  fuse,  when  the  antimony  will  collect  at  the 
bottom  of  the  crucible.  It  is  often  unnecessary  to  break  the  crucible,  as  a 
sharp  tap  will  detach  the  mass  when  cold. 

The  antimony  may  be  freed  from  adhering  bits  of  iron  sulphide  by  treat- 
ment with  dilute  hydrochloric  acid. 

If  more  than  the  required  amount  of  iron  is  used,  some  of  it  will  alloy 
with  the  antimony.  Hence  use  a  slight  defect  of  iron,  as  the  stibnite  is  prob- 
ably not  quite  pure. 

Lead  may  be  similarly  obtained  from  galena,  PbS,  and  bismuth  from 
bismuth  glance,  BisS,. 

3.  Wet  Methods. 

34.  SQver  from  coins  or  scrap  silver,  according  to  Stas.— Dissolve  a  known 
weight  of  silver-copper  alloy  in  excess  of  boiling  dilute  nitric  acid,  evaporate 
dry,  and  heat  very  carefully  till  the  nitrates  just  fuse.  Break  up  the  mass  and 
leave  it  for  48  hours  with  excess  of  ammonia  solution.    Then  filter,  wash  the 
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residue  with  ammonia,  and  add  the  washing  to  the  filtrate,  and  finally  dilute 
to  such  a  volume  that  it  contains  2°/o  (or  less)  of  silver. 

Sulphur  dioxide  is  then  passed  into  the  liquid  (with  cooling)  imtil  a  test 
portion  decolorises  when  boiled.  The  cold  liquid  is  covered  and  left  for 
48  hours.  About  a  third  of  the  silver  crystallises  out.  Decant  the  blue 
liquid  and  heat  it  to  70°  C,  which  completes  the  reduction  at  once.  Wash 
the  silver  powder  so  produced  by  decantation,  leave  under  ammonia  for 
several  days,  and  dry  it,  mix  it  with  an  equal  bulk  of  anhydrous  borax,  and 
fuse  on  a  cupel  by  the  blowpipe.    Stas  speaks  very  highly  of  this  silver. 

35.  Silver  from  the  laboratory  residues. — The  residues,  consisting  of  silver 
halides,  are  reduced  by  boiling  with  caustic  soda  and  glucose  solution. 

2  AgCl  +  2NaOH  =  Ag,0  +  2NaCl  +  H,0 
AgjO  -  0  (by  glucose) = 2 Ag. 

Shake  the  residues  with  hot  water,  allow  to  settle,  decant,  repeat  several 
times,  finally  pour  the  whole  into  a  large  basin  and  add  caustic  soda  solution 
and  glucose.  Keep  the  liquid  simmering  gently,  adding  fresh  caustic  soda 
and  glucose  as  required,  until  a  portion  of  the  powder,  when  thoroughly 
washed,  dissolves  up  clear  in  hot  dilute  nitric  acid  (i.e,  the  halides  are  com- 
pletely reduced).    Then  decant,  wash  thoroughly,  and  treat  as  in  No.  34. 

36.  Plaiiiram  from  residues. — The  residues,  consisting  of  various  salts  of 
HjPtCl^,  are  evaporated  dry  on  a  water-bath,  extracted  with  hot  water, 
filtered  and  poured  into  warm  concentrated  sodium  hydroxide  solution 
containing  a  little  glycerine.  The  precipitate  is  allowed  to  settle,  washed 
once  by  decantation,  filtered  through  an  ashless  filter  and  ignited  strongly. 
It  is  then  converted  into  hydrochlorplatinic  acid  by  solution  in  *  aqua  regia.' 
(Any  insoluble  residue  here  is  iridium.)  The  solution  is  then  precipitated  by 
adding  concentrated  ammonium  chloride  and  alcohol,  the  precipitate  dried 
and  ignited  strongly  in  a  porcelain  crucible. 

(NH4),PtCl«  =  2NH4a  +  Pt  +  2Cl^, 

The  product  is  weighed  and  again  dissolved  in  aqua  regia,  diluted  and 
evaporated  with  frequent  additions  of  small  quantities  of  hydrochloric  acid, 
and  later  of  a  little  chlorine  water  to  oxidise  platinous  compounds  to  the 
platinic  state.  It  is  finally  evaporated  on  the  water-bath  to  a  thick  syrup 
and  diluted  to  a  known  volume  with  water. 

37.  Qold  from  scrap  metal. — Dissolve  in  aqua  regia,  evaporate,  dilute, 
filter  from  silver  chloride  and  reduce  by  boiling  with  ferrous  sulphate  solution. 

Decant,  heat  with  dilute  hydrochloric  acid,  filter  on  an  ashless  filter, 
wash  thoroughly,  first  with  dilute  hydrochloric  acid,  then  with  water,  dry 
and  ignite.  Convert  it  to  HAUCI4  (hydro-chlorauric  acid)  by  careful  solution 
in  aqua  regia  as  for  platinum  above. 

Special  Case. 

38.  Kercary  may  be  obtained  by  heating  compounds  of  mercury  with 
quick-Ume,  gCaO  +  2Hgja2 = 2CaCl^  +  4Hg  +  0^, 

in  a  hard  glass  tube  whose  drawn-out  end  dips  under  water  in  a  beaker. 
For  further  details  see  under  Mercury  in  *  Quantitative  Analysis.' 
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CHAPTER  V. 

SALTS. 

Salts  are  classified  as : 

A.  Normal  salts,  in  which  the  hydrogen  of  the  acid  is  completely  replaced 
by  a  metal  or  positive  radical. 

B.  Add  salts,  in  which  hydrogen  forms  at  least  one  of  the  positive 
radicals. 

C.  Basic  salts,  in  which  hydroxyl  forms  at  least  one  of  the  negative 
radicab.  (If  two  hydroxyls  are  present  they  frequently  eliminate  water 
between  them,  leaving  oxygen  as  one  of  the  negative  radicals.     Cf.  SbOCl.) 

D.  Doable  salts,  in  which,  broadly  speaking,  there  are  two  or  more 
different  metallic  or  positive  radicals  exclusive  of  hydrogen.  These  are 
discussed  fully  below. 

A.    Soluble  normal  salts  are  prepared  by  treating  the  acid  with 

(a)  The  metal.    This  is  of  limited  application. 

(h)  The  metallic  (basic)  oxide,  hydroxide,  or  carbonate. 

(c)  By  double  decomposition. 

(6)  is  generally  available.  The  determination  of  the  neutral  point  by 
means  of  indicators,  however,  is  often  impossible  because  of  the  hydrolytic 
action  of  water  on  salts,  of  weak  acids  or  bases,  thus  : 

KCN + H^o :;!:  koh + hcn 

Feaj  +  3HaO  :;!:  Fe(OH)8  +  3Ha. 

When  hydrolysis  does  take  place,  even  to  an  extent  imperceptible  to  th® 
eye,  the  solution  will  react  acid  or  alkaline  according  to  the  relative  effects  o^ 
the  free  acid  or  base  on  the  indicator.  This,  of  course,  depends  on  the  respec" 
tive  concentrations  of  the  hydrion  or  hydroxylion ;  i.e.  on  whether  the  free 
acid  or  the  free  base  is  the  more  strongly  dissociated  under  the  conditions. 

Thus,  in  the  above  cases,  the  free  potash  existing  in  a  solution  of  potassium 
cyanide  is  strongly  ionised,  whereas  the  free  prussic  acid  is  hardly  dissociated 
at  all ;  hence  the  solution  reacts  alkaline  to  indicators.  A  solution  of  ferric 
chloride,  on  the  other  hand,  reacts  acid,  for  the  opposite  reason.  In  the  case 
of  very  weak  bases  as  antimony,  bismuth,  the  mercury  salts,  etc.,  it  is  impos- 
sible to  dissolve  the  salts  in  pure  water  without  getting  a  precipitate  of  a  basic 
salt ;  in  which  case  the  solution  must  be  made  in  the  dilute  acid  of  which  the 
substance  is  a  salt.  In  this  case  hydrolysis  is  prevented  in  accordance  with 
the  law  of  mass  action,  by  the  presence  of  excess  of  the  acid  ions. 

22 
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(Generally  speaking  (though  there  are  exceptions)  it  may  be  taken  that 
salts  of  potassium,  sodium,  etc.,  barium,  strontium,  calcium,  magnesium, 
etc.,  and  ammonium,  with  hydrochloric,  sulphuric,  nitric,  and  the  stronger 
organic  acids  as  oxalic,  tartaric,  citric,  acetic,  etc.,  are  neutral  to  litmus. 

But  it  does  not  follow  that  a  salt  which  is  neutral  to  litmus  is  neutral  to 
other  indicators,  ifif.  sodium  bicarbonate  and  the  sodium  hydrogen  phos- 
phates to  phenol-phthalein  and  methyl  orange.) 

The  above  considerations  modify  the  procedure  in  the  preparation  of 
various  salts  as  described  in  the  following  pages. 

(a)  Preparation  of  salts  by  the  action  of  the  add  on  the  metal. 

Most  nitrates  may  be  made  thus,  also  the  sulphates  and  chlorides  of  zinc 
and  iron,  by  the  action  of  the  metal  on  dilute  acid,  and  copper  sulphate  by 
the  action  of  the  metal  on  the  strong  acid. 

In  the  cases  where  dilute  acid  is  used,  the  metal  is  treated  with  the  acid 
until  the  acid  is  as  far  as  possible  neutralised,  the  solution  is  filtered  and 
concentrated. 

39.  Ferrous  sulphate,  FeS04,7HsO,  from  iron.— A  solution  of  this  salt  is 
rapidly  oxidised  when  hot  by  atmospheric  oxygen,  forming  an  insoluble  basic 
ferric  sulphate,  e.g, 

2FeS04  +  HjjO  +  0  =  2Fe(OH)S04, 

and  it  is  therefore  impossible  to  concentrate  a  solution  of  this  salt  by  boiling, 
after  the  iron  has  been  filtered  off.  Hence  use  sulphuric  acid  of  such  strength 
that  the  salt  crystallises  on  cooling  the  hot  solution. 

To  100  CCS.  of  water  in  a  large  basin  add  carefully  25  c.cs.  of  strong  sul- 
phuric acid,  and  then  iron  filings,  small  quantities  at  a  time,  till  present  in 
some  excess  (calculate).  Keep  the  solution  at  about  .SO®  C,  adding  water 
to  keep  up  the  volume,  till  effervescence  has  almost  ceased.  Then  raise  to 
a  boil  and  filter  through  a  funnel  kept  hot  in  the  funnel  heater,  into  a  basin 
floating  in  cold  water.  Filter  on  the  pump,  drain  there  as  far  as  possible, 
wrap  in  filter  paper  and  place  imder  a  weight  overnight.  Do  not  expose 
unduly  to  the  air. 

40.  Copper  sulphate,  GaS04,5H20,  from  copper. — Copper  wool  (or  fine 
turnings),  2  parts,  is  added  to  pure  sulphuric  acid,  9  parts,  in  a  flask,  and 
heated  till  most  of  the  copper  has  gone  into  solution.  The  evolved  sulphur 
dioxide  should  be  used  in  some  other  preparation  (e.g.  chrome  alum)  if  the 
quantities  taken  give  a  considerable  amount  of  this  gas. 

Allow  the  solution  to  get  quite  cold,  when  the  copper  sulphate  crystallises 
as  the  monohydrate  CUSO4,  HgO.  Carefully  decant  the  liquid,  and  add  the 
residue  to  5  parts  of  water.  Raise  to  boiling,  filter  hot  and  cool  rapidly 
with  stirring. 

As  thus  prepared,  imless  the  copper  used  is  very  pure,  it  will  contain 
ferrous  sulphate,  with  which  it  forms  mixed  crystals  (monoclinic)  (Fe,  Cu)S04, 
THjO.  If  required  pure,  it  is  therefore  dissolved  in  hot  water,  and  a  few 
c.cs.  of  strong  nitric  acid  and  some  sulphuric  acid  added  to  oxidise  the  iron 
to  ferric  sulphate.  The  solution  is  then  cooled,  and  the  product  recrystallised 
till  free  from  nitrate.    No  precipitate  should  be  obtained  when  excess  of 
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ammonia  is  added  to  the  solution.     (See  also  under  zinc  and  manganous 
sulphates  for  method  of  freeing  salts  from  iron.) 

41 .  Zinc  sulphate,  ZnS04,  THjO,  from  hydrogen  residues. — The  zinc  sulphate 
should  be  freed  from  iron  by  oxidising  hot  with  a  few  c.cs.  of  nitric  acid,  and 
the  addition  of  suf&cient  zinc  oxide  to  cause  the  hydrolysis  of  the  ferric  salt 
when  well  boiled. 

Fejj(S04)8  +  3ZnO  +  SH^O  =  SZnSO^  +  2Fe(OH)3. 

Filter  and  crystallise  several  times.    A  test  portion  should  give  a  pure 
white  precipitate,  ZnS,  with  ammonium  sulphide. 

42.  Silver  nitrate,  AgNOs* — Pure  silver  (No.  34)  is  dissolved  in  some 
excess  of  dilute  nitric  acid  (1 :  2)  in  a  conical  flask,  which  has  a  fimnel  resting 
in  the  neck  to  prevent  mechanical  loss.  When  solution  is  complete,  the  fimnel 
is  rinsed  with  distilled  water,  and  the  contents  of  the  flask  are  transferred 
to  a  clean  porcelain  basin  and  evaporated  dry  on  a  water-bath,  protected 
from  dust  by  a  fimnel  (Fig.  8).  The  residue  is  dissolved  in  distilled  water 
and  again  dried.  It  is  then  dissolved  in  a  minimum  of  hot  distilled  water 
and  allowed  to  crystallise.  Drain  off  the  mother-liquor  and  dilute  it  to  the 
required  volume  for  use  as  a  bench-reagent.  The  crystals  are  dried  in  a 
desiccator.  They  should  not  be  dried  with  filter-paper,  as  in  the  presence 
of  organic  matter  the  salt  is  affected  by  light. 

Solubility  of  silver  nitrate  at  16^  C.  =  185  (approximately). 

43.  Copper  nitrate  Ca(N03)2,  6H2O,  from  nitric  oxide  residues. — Evaporate 
the  residues  in  a  draught  cupboard  until  a  test  portion  when  cooled  and 
stirred  vigorously  crystallises  to  a  thick  paste.  Leave  overnight  to  cool. 
Drain  off  the  mother  liquor,  dissolve  in  the  minimum  of  hot  water,  and  cool 
below  25°  C.  Any  crystals  forming  above  this  temperature  will  be  the 
tari-hydrate. 

44.  Bismnth  nitrate,  Bi(N03)3,5H20. — Pulverise  commercial  bismuth, 
dissolve  in  a  minimum  of  hot  nitric  acid  (1:1)  and  dilute  considerably  with 
water  containing  caustic  soda  (one-fifth  of  the  weight  of  bismuth).  Boil 
well,  allow  to  settle,  decant,  wash  and  dissolve  the  bismuth  oxide  in  hot 
nitric  acid  (1  :  1^),  using  more  acid  than  is  necessary  to  dissolve  it.  Evaporate 
to  crystallisation,  with  addition  of  more  acid  should  any  basic  nitrate  form. 

The  treatment  with  caustic  soda  removes  oxides  of  arsenic  and  antimony, 
which  elements  commercial  bismuth  usually  contains. 

Should  the  solution  of  nitrate  require  filtering,  an  asbestos  filter  is  necessary. 

45.  Lead  nitrate,  Pb(N03)2,  from  lead. — Hot  dilute  nitric  acid  should  be 
used,  the  excess  evaporated  off,  and  the  salt  recrystallised  from  water. 
Many  specimens  of  lead  contain  tin  ;  if  so,  meta-stannic  acid  (insoluble)  will 
be  formed  by  the  action  of  the  acid,  and  is  filtered  off  before  the  recrystallisa- 
tion. 

46.  Stannous  chloride,  SnCl2,2H20. — 100  gms.  of  tin  are  treated  with 
200  c.cs.  of  strong  hydrochloric  acid  and  25  c.cs.  of  water  in  a  large  flask. 
If  the  action  becomes  too  vigorous,  cool  by  immersion  in  water. 

When  the  action  is  over  (there  should  be  some  undissolved  tin  left)  filter 
through  glass-wool  into  a  conical  flask,  cork  and  set  aside  to  crystallise. 
Drain  and  dry  in  the  usual  way. 
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47.  Zino  chloride,  ZnGl^. — Dissolve  zinc  in  hydrochloric  acid,  evaporate  to 
dr3me8s  with  care,  and  just  fuse  the  product.  Allow  to  cool,  detach  from 
basin  by  gently  warming,  and  bottle  at  once.  Do  not  touch  it  with  the 
fingers. 

(b)  From  base  or  carbonate  and  acid. 

The  salts  of  sodium,  potassium  and  ammonium,  barium,  strontium  and 
calcium  enumerated  above  can  be  prepared  (if  they  are  soluble  in  water) 
by  adding  the  hydroxide  (dissolved  if  soluble)  to  the  acid  till  neutral  to 
litmus  paper.  Sodium  or  potassium  carbonates  may  be  similarly  used,  if 
the  solutions  are  kept  hot,  to  drive  off  carbon  dioxide,  which  affects  the 
litmus.  If  the  base  or  carbonate  is  insoluble  in  water,  add  it  gradually 
to  the  hot  dilute  acid  till  in  slight  excess.    Boil,  filter  and  crystallise. 

The  student  should  now  be  able  to  prepare  most  normal  salts  of  common 
acids  and  bases,  without  further  instructions.  A  few  special  cases  where 
there  is  difficulty  with  the  indicator  are  given  under  *  add  salts.* 

48.  Barium  chloride,  BaGl2,2H20,  from  witherite,  BaCO,.— Coarsely 
powdered  witherite  is  added  slowly  to  300  c.cs.  of  hot  dilute  (1 :  IJ)  hydro- 
chloric acid  till  effervescence  ceases.  20  grams  of  the  findy  powdered  mineral 
are  now  added,  and  the  solution  boiled  for  some  time.  This  hydrolyses 
ferric  chloride,  as  iron  is  present  in  practically  all  minerals. 

2FeCl8  +  3H2O  +  GBaCOa  =  2Fe(OH)3  +  GBaQ,  +  6C0,.  • 

Filter  hot,  evaporate  to  crystallisation,  obtain  a  further  crop  from  the 
liquor,  add  the  two  crops  together  and  recrystallise,  allowing  the  hot  solution 
to  cool  slowly  to  obtain  larger  crystals.    Use  the  mother  liquors  for  No.  50. 

Strontimn  chloride,  SrCl2,6H20,  is  similarly  made  from  strontianite, 
SrCOj. 

Caldmn  chloride,  Cad^ySHjO,  for  use  in  freezing  mixture,  is  similarly 
made  from  the  liquors  of  the  carbon  dioxide  *  Kipp.' 

49.  Potassiun  chromate,  K2Cr04. — Instead  of  using  chromic  acid  it  is 
cheaper  to  use  potassium  dichromate. 

KjCrjO^  +  KjCOs  =  2K2Cr04  +  CO,. 

Weigh  out  reacting  proportions,  dissolve  separately  and  mix  the  solutions 
slowly.  Boil  to  crystallisation  and  cool  quickly.  If  larger  crystals  are 
desired,  a  slight  smear  of  vaseline  should  be  put  round  the  inside  of  the  vessel 
just  above  the  liquid  level,  as  the  solution  *  creeps  '  badly. 

Battery  chromic  acid  may  be  used,  but  it  contains  much  sulphuric  acid, 
and  potassium  sulphate  and  chromate  are  isomorphous,  and  hence  cannot  be 
separated.    The  dichromate  must  therefore  first  be  prepared. 

(c)  Insoluble  salts. 

These  are  always  made  by  double  decomposition,  and  never  by  treating  the 
base  or  carbonate  with  the  acid.  Choose  a  soluble  salt  of  both  metal  and 
acid  required,  and  mix  the  solutions,  generally  at  the  boil,  as  the  precipitates 
obtained  at  high  temperatures  are  generally  far  easier  to  filter.  Exceptions 
to  this  are  of  course  precipitates  which  would  be  affected  by  heat,  e,g,  SbOCl. 

N,B, — Solutions  of  reagents  shouJd  not  be  too  strong,  or  the  precipitate 
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will  carry  down  with  it  much  of  the  soluble  substances,  which  cannot  be 
removed  by  washing. 

50.  Barimn  sulphate,  Ba804. — Dilute  the  mother  liquors  from  the  pre- 
paration of  barium  chloride  (No.  48),  raise  to  the  boil,  and  add  slowly  to 
some  boiling  dilute  sulphuric  acid  till  no  more  precipitate  falls.  Decant, 
transfer  to  a  filter,  wash  with  boiling  water,  and  dry  in  steam  oven. 

51.  Caldam  sulphate,  CaS04,2H20  is  obtained  when  the  liquor  from  the 
carbon  dioxide  *  Kipp '  is  diluted  and  treated  with  cold  dilute  sulphuric 
acid.  Filter  on  the  pump,  wash  with  cold  water,  and  dry  by  wrapping  in 
filter  paper. 

52.  Caloiiim  oxalate,  CaC204,  is  obtained  when  a  boiling  solution  of  pure 
calcium  chloride  is  treated  with  a  boiling  solution  of  pure  ammonium  oxalate, 
added  gradtiaUy.    Filter,  wash  and  dry  at  100°  C. 

53.  Lead  chromate,  PbCr04  (Chrome  yellow).— Calculate  the  weights  of 
lead  acetate  and  potassium  dichromate  which  react : 

2Pb(CjjH808)2,  3H,0  +  KjCrgOy = 2PbCr04  +  2K(C2H802)  +  2C2H4O2  +  2HjO. 

Dissolve  separately,  heat  and  filter  into  the  same  vessel.  Filter,  wash 
and  dry  at  110°  C. 

Lead  chromate  is  insoluble  in  acetic  acid,  which  is  liberated  in  the  above 
reaction,  but  if  lead  nitrate  be  used,  nitric  acid  is  liberated  in  quantity  sufficient 
to  dissolve  half  the  lead  chromate. 

2Pb(N03)jj  +  KjCraO^  +  HjO  =  2PbCr04  +  2KN08  +  2HN08. 

If  lead  nitrate  is  used,  therefore,  ammonia  is  added  to  the  mixed  liquids 
till  neutral  to  litmus,  thus  precipitating  that  portion  of  the  chromate 
kept  in  solution. 

54.  Barimn  chromate,  BaClr04  (Lemon  yellow),  is  obtained  from  barium 
chloride  and  potassium  dichromate  in  a  precisely  similar  way  (mix  the 
hoUing  solutions  gradually)  and  subject  to  the  same  considerations  as 
above. 

Potassium  dichromate  is  used  in  both  cases  as  being  far  cheaper  than  the 
chromate. 

55.  Lead  chloride,  Pbd^. — To  a  solution  of  lead  acetate  or  nitrate  add 
cold  dilute  hydrochloric  acid  till  no  more  precipitate  falls.  Allow  to  settle. 
Wash  several  times  by  decantation,  then  dissolve  in  the  minimum  of  boiling 
water  and  leave  overnight  to  crystallise.  The  bromide  and  iodide  are  prepared 
in  a  precisely  similar  manner,  using  potassium  bromide  or  iodide  (mother- 
liquors  from  preparations  of  these).  They  are  beautifully  crystalline  as  thus 
prepared. 

56.  Special  case  of  double  decomposition.  Potassium  nitrate  from  Chili 
saltpetre. 

NaNOs  +  KO  =  KNO,  +  NaCl. 

Weigh  out  molecular  quantities  of  the  reagents.  Turn  up  the  solubility 
curves  of  salt  and  saltpetre,  and  from  a  study  of  these  decide  how  much 
water  to  take,  and  at  what  temperature,  to  obtain  the  best  yield  of  potassium 
nitrate.    It  should  be  recrystallised  till  free  from  chloride. 
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(d)  Preparation  of  a  salt  from  another  salt  of  the  same  metaL 

57.  Copper  acetate,  Ca(CH3C02)2»H20  from  copper  snlphate.— Weigh  out 

molecular  proportions  of  copper  sulphate  and  sodium  carbonate;  dissolve 
them  separately,  mix  the  solutions  gradually,  and  raise  to  a  boil.  A  basic 
carbonate  of  copper  is  precipitated,  which  is  washed  well  and  added  to  warm 
dilute  acetic  acid  till  no  more  will  dissolve.  Filter  if  necessary  (or  better, 
add  a  little  more  acetic  acid)  and  evaporate  to  crystallisation.  Set  aside  to  cool. 
This  method  is  a  general  one.  The  carbonate  of  the  metal  is  precipitated, 
leashed  and  dissolved  in  the  required  acid. 

B.    ACID  SALTS. 

The  general  methods  consist  in 

I.  Mixing  the  required  amounts  of  base  and  acid, 

KOH  +  H2SO4 = KHSO4  +  H,0. 

II.  Mixing  theoretical  quantities  of  normal  salt  and  acid, 

KjSO^  +  H2SO4  =  2KHSO4. 

The  theoretical  quantities  are  rarely  weighed  out,  for  obvious  reasons ; 
volumetric  measurements  (which  need  not  be  scrupulously  accurate)  are 
made  instead.    The  following  examples  will  explain  the  methods  adopted. 

58.  Potassimn  hydrogen  sulphate,  EHSO4.— Take  two  equal  volumes  of 
dilute  (1:4)  sulphuric  acid,  neutralise  one  with  potash  or  potassium  carbonate 
(litmus)  and  mix  with  the  other.    Crystallise  as  usual. 

KjCOj  +  HjjS04 = K,S04  +  H,0  +  CO,, 
K^04  +  H2SO4 = 2KHSO4. 

59.  The  orthophosphates  of  sodium.— NaH2F04,  HgO. 

Naj^P04,  12H,0. 
NajP04,  I2H2O. 

Of   these,    the   mono-hydrogen  salt  is   approximately   neutral  to  litmus. 
It  is  therefore  prepared  thus  : 

Glacial  phosphoric  acid  (HPOg)  is  dissolved  in  water  and  boiled  for  at 
least  30  minutes  to  convert  it  into  H3PO4.  A  measured  volume  is  put  into 
a  porcelain  basin,  a  piece  of  litmus  paper  added,  and  then  caustic  soda  solution 
is  run  in  from  a  graduated  cylinder  till  the  liquid  is  just  alkaline. 

H3PO4  +  2NaOH  =  Na2HP04  +  2ILfi, 

If  the  di-hydrogen  salt  is  desired,  another  equal  volume  of  the  ortho- 
phosphoric  acid  is  added  to  the  above. 

H3PO4  +  Na,HP04 = 2NaHaP04. 

If  the  normal  salt  is  required,  half  as  much  more  caustic  soda  is  added 
to  the  neutral  liquid  as  was  required  to  neutralise  it. 

Na2HP04  +  NaOH  =  Na8P04  +  H^O. 

These  volume  relations  are  clearly  seen  from  the  equations. 
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Some  dif&culty  may  be  experienced  in  crystallising  these  salts,  especially 
NaH2P04,H20,  which  is  very  soluble.  The  solution  should  be  boil^  down 
considerably,  cooled  and  set  aside  with  a  small  fragment  of  the  solid  taken 
from  the  stock-bottle.  The  same  process  assists  the  mono-hydrogen  salt  to 
crystallise.  The  normal  salt  solution  should  be  concentrated  considerably, 
cooled  and  thoroughly  stirred  with  a  glass  rod ;  cr3rstallisation  then  readily 
takes  place  quite  suddenly.  The  salt  has  a  strongly  alkaline  reaction  and 
hence  is  acted  on  by  carbon  dioxide. 

From  the  above  considerations  it  is  clear  that  the  ion  HPO4''  is  scarcely 
dissociated,  whereas  the  ion  H2PO4'  dissociates  into  H*h-HP04''. 

60.  Sodium  bisulphite,  NaHSOj. — Here  the  neutral  point  lies  between  the 
acid  and  the  normal  salt,  the  former  being  strongly  acid,  the  latter  alkaline 
to  litmus.  Hence  take  a  strong  solution  of  caustic  soda  (or  carbonate)  and 
saturate  with  sulphur  dioxide  (cool  the  beaker  thoroughly)  till  no  more  is 
absorbed.  The  gas  is  conveniently  delivered  from  a  syphon  of  the  liquefied 
substance.  NaHSOj  will  crystallise  out  if  the  solution  is  sufficiently  con- 
centrated ;  otherwise  it  cannot  be  evaporated  for  obvious  reasons.  Drain 
thoroughly  on  the  pimip,  wrap  in  filter  paper  and  place  imder  a  weight. 

If  the  normal  salt  is  desired,  a  volume  of  the  same  caustic  soda  solution 
equal  to  that  first  taken  is  added  to  the  hot  solution  of  the  acid  salt,  and  the 
whole  cooled  in  a  covered  vessel,  as  the  hot  solution  soon  absorbs  oxygen, 
forming  the  sulphate. 
Reactions: 

NaOH  +  HgO  +  SO2 = NaHSO,, 
NaOH  +  NaHSOg  =  Na^SOj  +  H^O. 

Preserve  the  mother  liquor  for  the  preparation  of  sodium  thio-sulphate. 
No.  162. 

The  solubility  of  NajSOj  at  ordinary  temperatures  is  about  22 ;  the 
strength  of  the  soda  solution  used  in  its  preparation  should  therefore  be 
calculated  so  that  a  large  portion  of  the  sulphite  crystallises  when  the  hot 
solution  is  cooled. 

The  sulphides  of  sodium,  etc.,  are  similarly  prepared. 

61.  Potasnom  **  quadroxalate,"  KHC204,H2C204,2H20.— Potassium  binoxa- 
late  combines  with  another  molecule  of  oxalic  acid,  forming  the  well-known 
"  salts  of  sorrel." 

Measure  out  100  c.cs.  of  a  cold  saturated  solution  of  oxalic  acid.  Neutralise 
it  with  potash  solution  (litmus).  Add  300  c.cs.  more  of  the  oxalic  acid  solution 
and  crystallise. 

62.  Potassium  **  bi-iodate,"  KIOsjHIOs.— Weigh  out  the  required  quan- 
tities of  KIO3  and  HIOj,2H20,  obtained  from  Nos.  129  and  97  ;  dissolve 
them  in  a  little  hot  water  and  cool  quickly. 

This  substance  is  used  for  the  standardisation  of  thiosulphate  (see  Volu- 
metric analysis). 

63.  Potassium  bitartrate  (Cream  of  Tartar),  KH(C4H40e).— To  a  solution 
of  potash  add  tartaric  acid  solution  from  a  graduated  cylinder  till  neutral  to 
litmus.  Raise  to  a  boil  and  add  another  equal  quantity  of  tartaric  acid 
solution.    Allow  to  cool. 
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C.    BASIC  SALTS. 

The  general  methods  are  : 

1.  Partial  hydrolysis  of  the  normal  salt  by  treatment  with  water  or  dilute 
alkali. 

2.  Treatment  of  the  normal  salt  with  the  required  quantity  of  the  base. 
64.  Baiie  lead  chromate,  Pb20Cr04  (Chrome  red).— A  quantity  of  lead 

chromate  is  boiled  with  dilute  caustic  soda  solution  sufficient  to  turn  half  the 
chromate  to  hydrate,  thus  : 

2PbCr04  +  2NaOH  =  Pb(OH),  +  PbCrO^  +  NajCrO^. 

What  actually  takes  place  is  : 


Cra      PI 


\    /  .OPbO  H 

^       +2NaOH==Na2Cr04  +  Cr02 


^2 


65.  Aniimoiiy  ozychloride,  Sb405Cl2  (powder  of  Algaroth). — Pour  a  solution 
of  antimony  trichloride  in  a  little  hydrochloric  acid  into  a  large  volume  of 
hot  water.    Wash  by  decantation  and  dry. 

It  should  be  soluble  in  carbon  disulphide  and  in  chloroform.  (Use  the 
first  runnings  of  No.  118  for  this  experiment.) 

BiOGl  is  similarly  obtained  from  bismuth  chloride. 

66.  Bismnth  **  sab-nitrate,"  Bi(OH)2NOs.— 10  grams  of  bismuth  nitrate 
crystals  (No.  44)  are  well  ground  in  a  mortar  with  cold  water  and  poured 
into  200  CCS.  of  boiling  water  in  a  basin.  Allow  to  settle,  wash  by  decantation, 
filter,  wash  and  dry  at  dO""  C. 

67.  Bismuth  carbonate,  Bi2(0H)4C08  is  prepared  by  adding  sodium  bi- 
carbonate solution  to  a  bismuth  salt.  Both  the  latter  basic  salts  of  bismuth 
are  used  in  medicine  for  indigestion,  etc. 

68.  Basic  lead  acetate,  Pb2(0H)s(CsHs02)2.— Obtained  by  dissolving  the 
correct  amount  of  litharge  in  a  hot  strong  solution  of  lead  acetate.  It  should 
be  cooled  out  of  contact  with  air,  when  the  basic  acetate  will  crystallise  out. 
The  filtrate  should  be  used  for  the  preparation  of 

69.  Basic  lead  carbonate  (White  lead),  Pb8(OH)2(CO,)2,  which  is  obtained 
by  passing  carbon  dioxide  into  the  solution  of  basic  lead  acetate. 

2CO2  +  2Pb2(OH)2(C2H,02) = Pb(0H)2, 2PbC03  +  Pb(C2H302)2. 

Various  methods  of  preparing  this  valuable  pigment  are  in  use ;  that  of 
MUner  may  be  mention^,  which  consists  in  grinding  litharge,  salt  and  water 
together  whereby  an  oxychloride  is  formed. 

4PbO  +  2Naa  +  SHjO  =  PbClj,  3PbO,  4H2O  +  2NaOH. 
Carbon  dioxide  is  then  passed  in  : 
3[Pba2,  3PbO,  4H20]  +  6NaOH  +  8C02=6Naa  +  llH20  +  4[2PbC08, 

Pb(0H^2] 
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The  white  lead  should  be  washed  by  decantation  and  dried  carefully  at 

100°. 

D.    DOUBLE  SALTS. 

Roughly  speaking,  these  fall  into  two  classes. 

I.  True  doaUe  salts*  in  which  the  acid  hydrogen  is  replaced  partly  by 
one  positive  radical  and  partly  by  another,  e.g. 

KNa(C4H40e),  RocheUe  salt. 

NaNH4HP04,  microcosmic  salt. 

MgNH4P04,     magnesium  ammonium  phosphate. 

On  this  view^  monobasic  acids  cannot  form  true  double  salts.  The  sum 
of  the  valencies  of  the  positive  radicals  is  not  greater  than  that  of  the  acid 
radical. 

II.  **  Molecnlar  "  oompounds. — The  sum  of  the  positive  valencies  is 
greater  than  that  of  the  acid  radical. 

These  again  fall  roughly  into  two  classes  : 

(a)  In  which  the  solution  exhibits  the  usual  qualitative  reactions  in  a 
quantitative  manner,  e.g,  the  alums,  substituted  vitriols,  etc. 

(6)  In  which  it  does  not,  but  in  which  either  the  kation  or  anion  is  a 
"  complex,"  exhibiting  none  of  the  reactions  of  its  constituents,  e.g,  the 
ferri-cyanides  (no  reaction  for  iron),  the  "  metal  ammines,"  etc. 

No  really  sharp  line  can  be  drawn  between  (a)  and  (b)  for  all  degrees  of 
stability  of  the  complex  ion  are  exhibited  ;  thus  K3Fe(CN)«  gives  no  reactions 
for  iron,  whereas  in  K3Fe(C204)8  the  iron  is  partiy  precipitated  by  caustic 
soda,  showing  that  in  solution  the  complex  ion  Fe(C204)8'"  is  partly  dis- 
sociated. 

Fe(CA)3'"^Fe-  +  3C204", 

though  in  accordance  with  the  Mass  Law,  excess  of  (Ca04)''  ions  (addition 
of  a  soluble  oxalate)  will  suppress  the  iron  reactions  altogether.  In  the  case 
of  the  alums,  etc.,  the  complex  ion,  if  it  exists,  is  completely  broken  down 
in  solution,  and  thereby  the  salt  exhibits  quantitatively  the  reactions  for  its 
constituents. 

Though  a  complete  account  of  these  interesting  compounds  cannot  be 
given  here,  yet  they  have,  in  the  hands  of  A.  Werner,  given  rise  to  such 
important  ideas  as  to  the  structure  of  inorganic  substances,  that  an  outline 
of  the  modern' theory  is  given. 

Briefly,  most  of  these  compounds  fall  into  two  classes,  in  which  one  ion 
is  a  complex  consisting  of  the  metal  of  higher  valency,  and  usually  six  or  four 
other  monovalent  (or  an  equivalent  of  poljrvalent)  radicals. 

The  general  formula  of  this  complex  ion  is  MAg  ^^4  or  MX^  ^^4  where  M 
is  the  metal  and  A  is  NH3  (or  an  amine)  or  H2O,  and  X  is  an  acid  radical 
(usuaUy  a,  etc.,  CN,    NOj,    C2O4,    SO4,    COj. 

2  2         2 

The  ion  MA^  exhibits  the  same  valency  as  M,  but  A  can  be  replaced,  one 
at  a  time,  by  X,  with  a  corresponding  expected  change  in  the  valency.  We 
thus  get  the  following  series  of  salts,  in  the  case  of  the  trivalent  metals,  which 
are  ionised  as  indicated. 
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[MA^]'"X'b      ^'9'  [Co(NH3)^]Cl8,         Hexammine  cobaltichloride. 

[MA5X]**X'2    e.g.  [Co(NH3)5Cl]Cl2,       Chloropentammine  cobaltichloride. 

[MA4X2]*X'     e,g,  [Co(NH3)4Cl2]^^»       Chlorotetrammine  cobaltichloride. 

[MA3X3]  non-ionised,  and  showing  no  reactions  for  M,  A  or  X. 

e,g.  [Co(NH3)3(N02)3]    Trinitrito  triammine  cobalt. 

m*[MA3X4]',    e,g.  K[Co(NH8)2Cl4],       Potassium  diammine  cobalt  tetra- 
chloride. 

mj'piiAXgj''    e.g.  K2[Ir(H20)Cl5],      Potassium  aquoiridium  pentachloride. 

m,*[MXe]"'     ^-9'  K3[Fe(CN)e],  K3[Co(N02)«],  etc.,        Potassium  cobalti- 

nitrite. 

Similar  series  are  known  with  the  tetravalent  metals,  e.g.  Pt,  and  are 
indicated,  but  as  yet  incomplete,  with  the  divalent  ones,  e.g.  Ni,  etc.  These 
and  their  ionisations  may  be  worked  out  on  the  above  lines  by  the  student. 

Series  are  also  known  in  which  the  extreme  complexes  are  MA4  and  MX4. 
It  should  be  clearly  understood  that  the  chemical  and  physical  properties 
of  the  above  substances  are  expressed  completely  by  the  above  ionisations, 
in  fre$My-made  solutions. 

Werner  assumes  that  the  metals  have  the  power  of  exerting  some  form 
of  subsidiary  valency  and  of  "  co-ordinating  "  6  or  4  monovalent  radicals 
(possibly  other  numbers  also).  It  is  clearly  seen  that  the  nature  of  the 
complex  ion  thus  formed  is  fidly  determined  by  the  natures  of  the  coordinated 
radicals  and  the  metal. 

The  extreme  complex  MX^  is  one  of  the  commonplaces  of  chemistry,  being 
typified  by  the  ferricyanides,  cobalticyanides  and  -nitrites ;  ferric,  chromic 
and  aluminic  oxalates,  etc. 

It  has  been  mentioned  above  that  A  in  the  complex  may  be  water,  as 
well  as  ammonia,  amines,  etc.     We  thus  expect  a  scries  of  complexes 

[M(H,0),],  [M(H,0),X] [MX,]. 

Such  series  exist  in  the  hydrated  salts,  simple  and  double.  The  subject 
cannot  here  be  developed  further,  but  must  be  left  to  the  student,  with  the 
remark  that  the  theory  thus  brings  very  many  salts  into  line  as  one  large  class 
in  which  the  metal  exhibits  the  phenomenon  of  coordination. 

It  should  be  stated  that  these  series  are  by  no  means  complete  and  open 
up  a  wide  field  for  research. 
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Also  simple  explanations  in  accordance  with  ordinary  ideas  of  valency,  by : 
Friend,  J.C.S.  1916,  109,  716. 
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Examples. 

I.  True  Double  Salts. 

The  general  method  of  preparation  is  simply  to  mix  solutions  of  the 
simple  salts  in  the  required  proportions. 

In  some  cases  the  acid  salt  of  one  base  is  neutralised  by  the  other  base. 

70.  Rochdle  (Seigneite's)  salt,  KNa(C4H40e),4H20.— Weigh  out  the 
required  quantities  of  cream  of  tartar  and  sodium  carbonate.  Dissolve  the 
latter  in  water,  heat  and  add  gradually  the  former  in  the  solid  form.  Cry- 
stallise as  far  as  possible,  and  recrystallise  the  mixed  fractions  to  obtain 
large  crystals.    * 

2KH(C4H40e)  +  NajCO,  =  2KNa(C4H40e)  +  CO^  +  H,0. 

71.  Potassiiim  antimonyl  tartrate  (tartar  emetic),  2K(SbO)C4H40e),  H2O.— 

To  some  cream  of  tartar  add  twenty  times  its  weight  of  water  and  raise  to  the 
boil  in  a  large  basin.  Add  gradually  pure  antimony  trioxide  (from  No.  18) 
till  rather  more  than  the  theoretical  amount  has  been  added.  Boil  gently 
for  half  an  hour,  keeping  up  the  volume  of  the  solution.  Filter  whilst  hot 
and  set  aside  to  crystallise.    (Rhomic  octahedra.) 

2KH(C4H40e)  +  Sb^Og  =  2K(8bO)(C4H40e)  +  Ufi. 

72.  meroeosmic  salt,  NaNH4HP04,4H20.— Mix  solutions  of  Na,HP04 
and  (NH4)2HP04  in  molecular  proportion.  These  may  be  obtained  by 
neutralising  equal  volumes  of  ortho-phosphoric  acid  with  soda  and  ammonia 
respectively,  using  litmus  as  indicator. 

Na2HP04  +  lNH4)2HP04  =  2NaNH4HP04. 

73.  Magnesium  ammonimn  phosphate,  Mgim4PO4,0H2O. — (See  Gibbs, 
Amer,  Jour.  8ci.  [3],  5, 114  ;  Neubauer,  Zeit,  angew,  Ohem.y  1896,  p.  439.) 

To  a  boiling  solution  of  pure  magnesium  sulphate  add  slowly  a  solution 
of  microcosmic  salt  (diluted  mother-liquor  from  No.  72)  till  no  more  precipitate 
falb. 

2MgS04  +  2NaNH4HP04  =  2MgHP04  +  NajS04  +  (NH4)2S04. 

Allow  to  cool  and  add  some  excess  of  ammonia. 

2MgHP04  +  2NH4OH  =  2MgNH4P04,  6H2O. 

Filter  at  the  pump,  wash  with  dilute  ammonia,  and  dry  between  filter-paper. 
The  corresponding  arsenate  may  be  made  by  using  sodium  arsenate  (No.  95). 
Corresponding  cobalt  and  manganese  phosphates  are  known. 

II.  *'  Molecular  "  Compounds. 

(o)  The  best  known  of  these  are  the  "  substituted  vitriols,"  whose  general 
formula  is  M^'SO^,  m^jSO,,  6H2O, 

where  M"  =  Fe,  Ni,  Co,  Mn,  Zn,  Mg,  Cu,  Cd, 

and  m*  =  K,  Na,  NH^,  Rb,  Cs,  and  sometimes  Tl*. 
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A  detailed  account  of  the  preparation  of  these  important  and  beautiful 
salts  is  unnecessary ;  the  general  method  is  simply  to  mix  solutions  of  mole- 
cular proportions  of  the  two  simple  salts,  and  crystallise.  These  molecular 
proportions  are  obtained  either  by  weighing  out  the  pure  substances,  or  by 
neutralising  equal  volumes  of  the  diluted  sulphuric  acid  by  the  two  required 
bases  or  carbonates  (or  metab  if  possible). 

The  most  important  salt  of  the  series  is  Mohr's  salt, 

FeS04,  (NH4)aS04,  eH^O, 

(see  Volumetric  Analysis),  which  is  obtained  by  the  latter  method,  the  solutions 
of  each  salt  being  so  strong  that  when  mixed  hot  the  salt  crystallises  on 
cooling  (see  ferrous  sulphate.  No.  39). 

Occasionally  some  difficulty  is  experienced  in  getting  a  well-crystallised 
specimen.  This  is  the  case  especially  with  the  manganese  salts.  The  MnK 
salt  has  not  yet  been  successfiilly  prepared,  and  the  Mn(NH4)  salt  should  be 
allowed  to  crystallise  spontaneously  from  a  saturated  solution. 

Large  crystals  of  thetfe  salts  are  readily  grown  by  the  usual  methods. 
The  NiNH4  salt  gives  specially  beautiful  crystals.  The  crystals  all  belong  to 
the  monocUnic  system. 

Isomorphous  selenates  are  well  known  also.  See  Crystalline  StruUure 
ani  Chemical  Composition.    Tutton.    (Macmillan.) 

The  AlimiB. — These  salts  have  the  formula 

R"'(S04)3,  m'gSO^  24H2O, 
where  R*"  =  Fe,  Cr,  Al  and  sometimes  Mn'"  (unstable) ; 

m*  =  K,  NH^,  Rb,  Cs.     (Na  alums  not  yet  successftilly 

prepared.) 

74.  Potash  Alum,  Al2(S04)8,  K2SO4, 24H2O. — Mix  equimolecular  proportions 
of  the  two  salts,  Al2(S04)3,18H20  and  K2SO4,  dissolved  separately  in  water. 
(NH4)jS04,  instead  of  K^04,  gives  ammonia  alum.  The  former  is  the  better 
to  use  for  growing  large  well-shaped  crystals.    These  form  best  at  13*5°  C. 

75.  Iron  alum  (potash  or  ammonia),  Fe2(S04)8,(NH4)2S04,24HsO.  — To 
500  CCS.  of  water  add  50  grams  of  strong  sulphuric  acid.  Warm  in  a  large 
basin,  and  add  gradually  278  grams  of  crystalline  ferrous  sulphate.  Boil 
gently,  and  add  cautiotisly  strong  nitric  acid,  until  a  small  portion  gives, 
when  treated  with  ammonia,  pure  ferric  hydroxide  (red-brown). 

2FeS04  +  HjS04  +  0(from  HNO3)  =  Fe2(S04)3  +  H^O. 

The  oxygen  is  supplied  thus  : 

2HNO,  =  HjjO  +  2NO  +  30. 

(Rather  more  than  the  indicated  amount  of  HNO3  is  required.) 

As  long  as  any  ferrous  sulphate  is  left,  the  NO  formed  dissolves  in  it  to 
produce  a  dark  brown  solution. 

Excess  of  nitric  acid  should  now  be  driven  off  by  evaporating  on  a  toater- 
bath  to  a  thick  syrup.  This  is  diluted  with  600  c.cs.  of  hot  water,  and  a  hot 
solution  of  66  grams  of  ammonium  sulphate  (or  the  corresponding  weight  of 
potassium  sulphate  in  as  little  hot  water  as  possible)  is  mixed  with  it.  The 
whole  is  set  aside  in  a  large  crystallising  dish. 

Very  beautiful  crystals  (amethyst-coloured)  are  readily  grown. 
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76.  Chrome-alum*  Cr2(S04)8,K^04,24H20. — The  molecular  proportioDs  of 
chromic  and  alkali  sulphate  are  best  obtained  by  reducing  a  solution  of 
potassium  (or  ammonium)  dichromate,  either  by  sulphur  dioxide  or  alcohol. 

KgCrjO^  +  4H^04 + SCgHeO  =  SC^H^O  +  Crj(S04)8  +  KaS04  +  4HjO, 

(aldehyde) 
or  KjjCraO,  +  SSO^  +  H2SO4  =  K,804  +  Cr,(S04)8  +  HjO. 

Dissolve  1  gm.-mol.  of  potassium  dichromate  (or  the  corresponding  weight 
of  ammonium  dichromate)  in  950  c.cs.  of  water  in  a  porcelain  basin  (heating 
if  necessary),  and  carefully  add  4  gm.-mols.  of  sulphuric  acid  (pure  acid  of 
commerce  is  about  97%  H2SO4).  Cool  by  floating  on  ice  cold  water,  and 
carefuUy  add  methylated  spirits.  Stir  well,  and  do  not  allow  the  temperature 
to  rise  above  50-60**  C.  Reduction  is  complete  when  the  smell  of  aldehyde 
(B.P.  21°  C.)  has  disappeared.  An  excess  of  methylated  spirits  will  do  no 
harm,  but  will  help  to  precipitate  the  alum.  Leave  overnight.  A  violet 
crystalline  powder  will  be  found,  which  is  washed  on  the  filter-pump  with 
small  quantities  of  ice-water  till  free  from  green  colour. 

It  is  now  dissolved  in  as  little  water  as  possible  at  40°  C.  (At  higher 
temperatures  a  non-crystallisable  variety  will  probably  be  formed.)  St-and 
aside  to  crystallise.     Perfect  crystals  are  readily  obtained. 

The  alums  are  isomorphous,  and  mixed  saturated  solutions  of  the  various 
alums  deposit  mixed  crystals,  whose  colour  varies  with  the  relative  amounts 
of  each  kmd  present.  Magnificent  crystals  may  be  obtained  by  mixing  1  part 
of  a  saturated  chrome  alum  solution  with  5  parts  of  a  saturated  potash 
alum  solution. 

Also  a  crystal  of  chrome  alum,  suspended  in  a  saturated  solution  of  another 
alum,  will  continue  growing;  beautiful  crystals  may  thus  be  produced, 
having  a  chrome  alum  centre,  surrounded  by  iron  alum,  and  enclosed  in 
pptash  alum.  The  last  is  the  most  difficult  to  grow  successfully  ;  the  crystals 
deposit  best  at  a  temperature  of  13*5°  C. 

(6)  Salts  ooNTAiNiNa  a  Complex  Ion. 

The  conmionest  type  of  these  contains  the  anion  MX^,  tetra-  or  tri-valent 
according  as  M  is  di-  or  tri-valent. 

77.  Potassium  ferrioyanide,  K8[Fe(CN)e].— Prepared  by  the  oxidation 
of  the  ferrocyanide  by  means  of  chlorine.  The  gas  is  passed  into  a  cold  solution 
of  the  ferrocyanide  until  a  test  portion  no  longer  gives  a  blue  precipitate 
or  colour  with  ferric  chloride.  Crystallise  till  free  from  chloride.  A  blue 
precipitate  forming  during  evaporation  is  merely  filtered  whilst  the  liquid 
is  hot. 

2K4[Fe(CN)e]  +  Clj = 2KC1  +  2K8[Fe(CN)e]. 

78.  Sodium  oobalti-iiitrite,  Na8[Co(N02)e]  (De  Koningh's  reagent).— To 
a  solution  of  50  gms.  of  cobalt  nitrate  and  150  gms.  of  sodium  nitrite  in  150 
c.cs.  of  water  at  40*^-50*^  C,  add  slowly,  with  constant  shaking,  25  c.cs.  of 
glacial  acetic  acid.  Filter  off  any  precipitate  which  may  form  on  standing, 
and  remove  oxides  of  nitrogen  from  the  filtrate  by  a  vigorous  air-cuirent, 
aspirated  by  meiins  of  a  filter-pump. 
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The  substance  is  now  precipitated  by  400  c.cs.  of  alcohol  (methylated 
spirits  distilled  from  lime)  aUowed  to  stand  for  some  time,  filtered  at  the  pomp 
and  washed  with  a  little  alcohol.  The  crude  product  is  recrystallised  (if 
required)  from  water. 

The  mother  liquor  may  be  converted  into  the  potassium  salt  by  the 
addition  of  a  concentrated  solution  of  potassium  nitrate  until  no  further 
precipitate  falls.    Stand  overnight,  filter,  wash  and  dry  in  desiccator. 

The  reactions  are  as  follows  : 

(1)  Cobaltous  nitrite  is  formed 

Co(N03),  +  2NaN02 = 2NaN08  +  Co(N02)2. 

(2)  This  is  oxidised  to  cobaltic  nitrite  by  free  nitrous  acid  formed  by 
sodium  nitrite  and  acetic  acid. 

2Co(NO,), + 4HN0, = 2Co(N02), + 2ILfi + 2N0. 

(3)  2Co(N02)8  +  GNaNOj  =  2Na8[Co(N02)e]. 

Used  as  a  test  for  potassium  and  ammonium.    See  also  separation  of  nickel 
and  cobalt,  p.  111. 

78a.  Potassium  oobatticyanide,  K,[Oo(ON)e]  (formed  in  the  cyanide  separa- 
tion of  nickel  and  cobalt,  g.v.,  p.  109)  J,  jprakt,  Chem,  (2)  81,  172. — Dissolve 
30  gms.  of  cobalt  carbonate  in  a  slight  excess  of  50%  acetic  acid,  and  evaporate 
dry  on  a  water-bath.  Dissolve  the  residue  in  water,  filter  and  add  a  filtered 
solution  of  120  gms.  of  potassium  cyanide.  Now  draw  a  rapid  stream  of  air 
through  the  solution  till  the  cobaltocyanide  is  completely  oxidised,  neutralise 
with  acetic  acid  and  evaporate  the  filtered  solution  to  crystallisation.  Filter 
o£E  the  crystals  and  wash  with  70%  alcohol. 

Co(C2H302)2  +  2KCN = Co(CN)  J  +  2K(C2H802) 

Co(CN)8  +  4KCN = K4[Co(CN)e] 

2K4[Co(CN)e]  +  0  +  H^O  =  2K8[Co(CN)e]  +  2K0H. 

79.  Potaiihim  ehromozalate»  K,[Cr(C204)8]. — Potassium  dichromate  act9 
on  oxalic  acid  thus  : 

KjCr^Oy  +  7H  AO4 = 7H2O  +  600,  +  K2C2O4  +  Cr2(C204)8. 

The  two  oxalates  then  form  the  complex  salt,  more  potassium  oxalate 
being  required  for  the  complete  conversion 

3K,C,0,+Cr,(C,0,),=2K,[Cr(CA)»]- 
No  chromium  ions  are  present,  the  salt  being  ionised  as  indicated, 

K,[Cr(C,0,).]  Z  3K' + [Cr(C»0,),]"'. 
The  extra  potassium  oxalate  may  be  added  in  the  form  of  KHC2O4,  the 
reaction  then  becoming 

K^CtjO, + 4KHC2O4  +  5H2C2O4 = 7H,0  +  eCOg  +  2K8[Cr(C804)8], 

or  as  the  "  quadroxalate," 

K^CrjO, + 4KHC2O4,  H2C8O4  +  H2C8O4 = 7H2O  +  6CO2  +  2K8[Cr(C204)8]. 

Weigh  out  quantities  of  each  substance  in  the  required  proportions  (oxalic 
acid»H2C204,  2H2O,  the  quadroxalate  also  having  two  molecules  of  water 
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of  crystallisation).  Dissolve  the  oxalate  and  acid  in  a  minimom  of  hot  water, 
and  the  dichromate  in  another  portion.  Filter  and  add  the  oxalate  slowly 
to  the  dichromate,  allow  to  simmer  till  evolution  of  carbon  dioxide  ceases, 
and  set  aside  to  cool.  Drain  the  crystals,  work  up  the  mother  liquor  for  a 
further  yield,  and  recrystallise  the  whole. 

80.  Potassium  ferrio-ozalate,  K3[Fe(C204)3l  may  be  prepared  by  mixing 
solutions  of  the  required  quantities  of  ferric  chloride  and  potassium  oxalate, 

2Fea5  +  6K3CJO4  =  6Ka  +  2K8[Fe(CjGJ, 

whfch  forms  magnificent  green  crystals. 

The  complex  ion  [Pe(C20^)^y  is  less  stable  than  the  chromoxalion,  and 
the  solution  therefore  gives  the  reactions  for  the  ferric  ion,  though  not 
quantitatively, 

[Fe(C,0,)3]"':^Fe-  +  3(C,0,)". 

By  increasing  the  concentration  of  the  oxalion  (adding  a  soluble  oxalate) 
the  ferric  ion  can  be  suppressed  in  accordance  with  the  Mass  Law. 

Potassium  aluminium  oxalate  is  similarly  prepared,  the  complex  ion  being 
still  less  stable. 

The  preparation  of  the  other  types  of  complex  salts  is  given  below.  The 
general  scheme  is  as  follows  : 

Cobaltous  salts,  treated  with  excess  of  amtmonia  solution  form  hexammine 
cobalto  salts.  When  these  are  oxidised  by  an  air-stream  in  the  presence  of 
ammonium  carbonate,  they  form  carbonato-tetrammine-cobalti  salts. 

The  "  carbonato  "  portion  of  the  complex  is  exchanged  for  other  radicals 
by  treatment  with  suitable  reagents,  thus  with  hydrochloric  acid  they  form 
chloro-aquo-tetrammine  salts,  which  by  warming  with  ammonia  form  the 
aquo-pentammine  salts.  These  again  with  hydrochloric  acid  form  chloro- 
pentammine  compounds,  which  by  treatment  with  ammonia  under  pressure 
form  the  hexammine  salts. 

Scheme. 

(NH,)2C03 

[Co(NH3),]Cl,  ^^;^^^->  [Co(NH3)4C03]Cl 

+Hcr 

-.5 [Co(NH3),(H20)]Cl3   <  ^^'"^    [Co(NH3)4(H.p)Cl]C1.3 


I 


[Co(NH3),Cl]01,  „,,.:l^,.-^  [Co(NH3)eia 


2  under  pressure^  l-'V-"3/6J-8 


81.  Type  [CoA3]X3 ;  [Co(NH3)3]Cl3.  Jorgensen,  Zcii.  an.  Ch,  17,  455.— 
5  parts  of  chloro-pentammine  cobalt  chloride  (No.  82),  4  parts  of  ammonium 
chloride  and  50  parts  of  20%  ammonia  solution  are  mixed  in  a  pressure  flask, 
which  is  wrapped  in  a  cloth  and  tied  to  a  stick,  so  that  it  can  be  shaken  without 
danger.  It  is  immersed  in  cold  water  and  slowly  raised  to  a  boil.  The 
boiling  is  continued  for  6  hours  with  occasional  vigorous  shaking.  Consider- 
able pressure  is  developed,  and  precautions  against  damage  by  the  bursting  of 
the  flask  should  be  taken.  When  the  chloro-pentammine  salt  has  almost 
disappeared  the  flask  is  allowed  to  cool,  carefidly  opened  and  the  content^ 
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poured  into  a  large  basin  and  left  overnight  for  the  ammonia  to  evaporate. 
The  liquor  is  then  diluted  with  3  times  its  volume  of  water  and^  its  volume 
of  strong  hydrochloric  acid,  and  heated  for  an  hour  in  a  flask  on  a  water-bath. 
Now  add  much  strong  hydrochloric  acid,  cool  quickly  under  the  tap  with 
vigorous  shaking  and  filter  off  the  yellow  product  at  the  pump,  washing  with 
fairly  strong  hydrochloric  acid.  Recrystallise  by  dissolving  in  a  little  cold 
water,  filter  from  unchanged  pentammine  salt,  add  ^  its  volume  of  strong 
hydrochloric  acid,  and  set  aside.  All  the  chlorine  is  precipitated  by  silver 
nitrate. 

82.  Type  [CoAsXJXs  ;  [Co(llH,)fiGl]Cl2. — 10  gms.  of  carbonato-tetrammine 
cobalt  nitrate  (No.  83)  dissolved  in  130  c.cs.  of  water  are  acidified  with  strong 
hydrochloric  acid  (till  no  more  carbon  dioxide  is  formed)  and  then  rendered 
just  alkaline  with  ammonia.  15  c.cs.  of  880  ammonia  are  then  added  and 
the  whole  heated  for  3  hours  on  a  water-bath.  Cool  and  add  150  c.cs.  of 
strong  hydrochloric  acid,  heat  up  again,  cool,  filter  and  wash  the  product 
with  alcohol.  Yield  about  8  gms.  Two-thirds  only  of  the  chlorine  are  precipi- 
tated by  silver  nitrate. 

83.  Type[0oA4Z2]X;  [Co(NH8)4C08]N08.  Jorgensen,Z6t<.  an.  0^.,  2,282.— 
Dissolve  50  gms.  of  crystalline  cobalt  nitrate  in  80  c.cs.  of  water,  pour  it,  with 
stirring,  into  250  c.cs.  of  '880  anmionia,  100  gms.  of  ammonium  carbonate 
and  500  c.cs.  of  water.  Place  in  a  large  flask  and  draw  a  rapid  air-stream 
through  it,  by  means  of  the  filter-pump,  for  3  hours.  Then  evaporate  halfway, 
adding  at  regular  intervals  small  portions  of  ammonium  carbonate  (30  gms. 
altogether),  filter  immediately  and  boil  down  to  200  c.cs.  with  further  addition 
of  10  gms.  of  ammonium  carbonate  in  portions.  Cool,  filter  and  wash  with 
water  and  alcohol.    Yield,  50-60  gms. 

84.  Type  [CoAaX,].  [Co(NH8)8(N02)8].  Jorgensen,  Zeit.  an.  Ch.,  17,  476.— 
45  gms.  of  cobalt  chloride  crystals  are  dissolved  in  125  c.cs.  of  water  and 
mixed  with  a  cold  solution  of  50  gms.  of  ammonium  chloride  and  67  gms. 
of  sodium  nitrite  in  375  c.cs.  of  20  %  ammonia.  Pass  a  rapid  air-stream, 
by  means  of  the  filter-pump,  for  4  hours,  set  in  open  basins  for  2  days  for  the 
ammonia  to  evaporate,  filter  and  wash  with  cold  water  till  free  from  chloride. 

The  freshly-made  solution  is  practically  a  non-conductor,  and  does  not 
show  the  reactions  either  for  cobalt  or  a  nitrite. 

85.  Type  m[Co(A)j|X4]'  K[Co(NH8)a(N02)4].  Jorgensen,  J.  pr.  CL,  (2), 
28,  249. — Treat  10  gms.  of  cobalt  carbonate  with  hydrochloric  acid  just 
insufficient  for  complete  solution.  Dilute  to  200  c.cs.,  add  70  gms.  of  ammonium 
chloride  and  having  warmed  the  whole  add  it  slowly  to  a  warm  solution  of 
100  gms.  of  potassium  nitrite  in  100  c.cs.  of  water.  Warm  to  about  80** 
for  half  an  hour,  then  keep  at  0^  for  24  hours.  A  yellow  powder  and  compact 
brown  crystals  separate  ;  the  former  is  readily  separated  by  stirring  up  weU 
and  decanting  from  the  crystals.  The  latter  are  dried  with  filter-paper. 
The  substance  is  known  as  Erdmann's  salt. 

Type  mj[MAX5].  This  type  was  unknown  until  recently,  when  Delepine 
prepared  Kj[Ir(H20)Cl5].  This,  however,  is  not  a  useful  preparation  for 
the  student.    See  Campt.  Rend.,  1908, 146, 1267. 

Several  substances  representing  the  type  m3[MXJ  have  been  described 
above. 
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A  few  more  interesting  and  important  salts,  belonging  to  other  series  of 
complexes,  are  described  below. 

86.  Cuprous  merciiryiodide»Clii2[Hgl4].  Ber.  8  (1870),  123.— 13-6  gms.  of 
mercury  chloride  dissolved  in  water  are  added  to  a  solution  of  16-6  gms.  of 
potassium  iodide.  The  precipitated  mercury  iodide  is  washed  by  decantation 
and  dissolved  in  16 '6  gms.  of  potassium  iodide  in  100  c.cs.  of  water.  The 
clear  solution  is  added  to  a  solution  of  24  gms.  of  copper  sulphate  crystals 
in  70  c.cs.  of  water,  and  a  fine  red  crystalline  precipitate  slowly  forms. 

Reduction  to  the  cuprous  salt  is  completed  by  passing  in  sulphur  dioxide. 
Filter  at  the  pump,  wash  with  water  and  dry  at  100**.  The  salt  is  remarkably 
sensitive  to  heat,  a  sharp  colour  change  taking  place  at  71°  C.  A  corre- 
sponding silver  salt,  prepared  as  above  (no  reduction  being  necessary),  is  abo 
sensitive  to  heat.  The  potassium  salt  is  formed  by  the  solution  of  the  mercuric 
iodide  in  the  iodide  solution,  and  crystals  may  be  obtained  by  evaporation 
in  vacuo, 

87.  Oadmium  iodide,  CdCOdlf].  Hittorf,  Pogg,  Ann,,  106,  546.— This 
remarkable  substance  is  an  ''auto-complex,"  being  ionised  as  indicated, 
and  is  thus  the  cadmium  salt  of  H2Cdl4. 

Spongy  cadmium,  obtained  by  adding  zinc  to  a  solution  of  cadmium 
sulphate,  is  suspended  in  water,  some  excess  of  iodine  added,  and  the  whole 
boiled  in  a  flask  fitted  with  a  reflux  condenser  till  the  metal  has  dissolved. 
Remove  the  condenser  and  boil  ofl  the  excess  of  iodine,  filter  and  crystallise. 
Obtain  a  further  crop  from  the  liquor. 

88.  Aqno-tetrammine-copper  sulphate,  Cn804,  ^ME^  Bfi. — This  substance 
is  formed  when  ammonia  in  excess  is  added  to  copper  sulphate  solution.  To 
200  c.cs.  of  a  30  %  solution  of  copper  sulphate  add  ammonium  hydroxide 
until  the  blue  precipitate  is  completely  dissolved.  Place  in  a  beaker,  and 
carefully  run  on  to  the  surface  a  layer  of  water  1  cm.  deep.  On  this  run  a 
layer  of  alcohol  several  cms.  deep.  (These  layers  should  be  carefully  put 
on  from  a  dropping  funnel.)  As  the  liquids  diffuse  into  one  another  through 
the  water,  fine  crystals  of  the  substance  gradually  grow  on  the  sides  of  the 
beaker.  After  about  a  week  they  may  be  removed,  dried  quickly  with  filter- 
paper  tod  preserved  in  a  stoppered  bottle. 

A  corresponding  zinc  compound  is  known,  which  is  similarly  made. 

89.  Pentammine  copper  sulphate,  Cn804,  dNHg.  May  be  regarded  as  copper 
sulphate  in  which  the  water  of  crystallisation  has  been  replaced  by  ammonia. 
It  is  formed  when  dry  ammonia  gas  is  led  over  anhydrous  copper  sulphate. 
A  fine  violet  powder  is  produced  which  is  fairly  stable. 
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CHAPTER  VI. 

ACIDS  AND  ACID  ANHJDRIDES. 

A.    ACIDS. 

The  general  method  for  the  preparation  of  an  acid  is  to  act  oh  a  salt  of 
the  required  acid  by  means  of  a  "  stronger  "  acid,  e.g. 

CasCPOJa  +  3HaS04  =  3CaS04  +  2H3(P04)2. 

Many  of  the  oxyacids  (non-metallic  hydroxides)  may  be  prepared  by  the 
direct  oxidation  of  the  non-metal  by  means  of  strong  nitric  acid,  e.g 
2P  +  6HNO3  =  2HP08  +  ^^0  +  2]^0  +  4NO2. 

The  particular  oxides  of  nitrogen  and  the  amounts  of  each  produced,  will 
be  determined  by  the  strength  of  the  nitric  acid ;  if  only  the  strongest  acid 
will  react,  more  NO,  will  be  produced,  and  so  on. 

90.  Nitric  acid,  HNO„  from  Chili 
saltpetre. — 170  gms.  of  sodium  nitrate 
and  200  gms.  of  strong  sulphuric  acid 
are  placed  in  a  large  retort  and  heated 
gently  on  a  wire  gauze.  The  nitric 
acid  distils  and  is  received  in  a  flask 
which  is  kept  cool  by  a  stream  of 
water  from  the  tap.     The   acid  thus  ^^'  ®- 

obtained  will  contain  about  20  %  of 

water  (average),  and  some  sulphuric  acid  carried  over  mechanically. 
Hydrochloric  acid  will  also  generally  be  present  unless  the  nitrate  used  is 
free  from  chloride  {e.g.  pure  KN08). 

Pure  nitric  acid  (almost  anhydrous)  may  be  obtained  as  follows : 

The  above  distillate  is  placed  in  a  retort  of  which  the  neck  has  been  drawn 
out  somewhat  and  bent  to  an  angle  of  about  120°.  This  is  inclined  so  that 
sulphuric  acid  carried  over  mechanically  runs  back  inta  the  retort.  A  con- 
denser is  attached,  an  equal  volume  of  pure  sulphuric  acid  is  added  to  the 
nitric,  and  it  is  slowly  distilled.  If  the  original  acid  contains  hydrochloric, 
the  receiver  is  changed  when  the  distillate,  diluted  with  water,  no  longer 
reacts  with  silver  nitrate. 

The  acid  still  contains  oxides  of  nitrogen  which  may  be  removed  by  a 
rapid  stream  of  dry  air  filtered  from  dust. 

The  liquid  must  be  kept  in  the  dark.  Nitric  acid  boils  at  about  86°  C. 
and  has  a  specific  gravity  of  about  1  54.  If  coloured  yellow,  it  contains  oxides 
of  nitrogen  in  solution. 

39 
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Tedt  for  sulphuric  acid  by  diluting  several  c.cs.  with  water  and  adding 
barium  chloride. 

91.  Phosphoric  acid  (glacial),  HPO3,  from  bone-ash. — To  a  litre  of  5N 
sulphuric  acid,  heated  in  a  large  basin  to  about  80°  C,  add  gradually  rather 
less  than  the  calculated  quantity  of  calcium  phosphate  (bone-ash).  Stir 
thoroughly  and  boil  well  for  half  an  hour,  adding  water  to  keep  up  the  original 
volume.  Allow  to  cool,  and  filter  on  the  pump,  using  a  large  funnel.  Wash 
the  residue  with  a  little  very  dilute  sulphuric  acid  and  alcohol.  Evaporate 
the  filtrate  and  washings  (using  a  smaUer  basin  as  the  volume  diminishes), 
until  sulphuric  acid  fumes  begin  to  come  oft.  Then  heat  on  a  wire  gauze 
in  a  fume-cupboard  until  these  fumes  cease.  The  residue  when  cool  sets  to 
a  glassy  mass  of  meta-phosphoric  acid,  which  is  sealed  up  in  a  bottle. 

N,B, — During  the  evaporation,  a  small  precipitate  of  calcium  sulphate 
may  form..  This  should  be  filtered  off. 

92.  Phosphoric  acid  from  phosphorus. — 25  grams  of  red  phosphorus  are 
placed  in  a  large  basin  in  a  fume-cupboard,  and  covered  with  moderately  strong 
nitric  acid  (1:1).  Heat  gently  on  a  sand-bath  till  the  reaction  starts,  then 
remove  the  bunsen.  The  reaction  is  very  vigorous  at  first,  but  subsides 
quickly.  More  strong  nitric  acid  is  gradually  added,  allowing  the  reaction 
to  subside  each  time,  until  the  oxidation  proceeds  quietly.  Now  boil  with 
nitric  acid  until  the  oxidation  is  complete,  evaporate  off  most  of  the  nitric 
acid,  dilute  with  water,  filter,  and  again  evaporate  till  fumes  cease  to  be 
evolved. 

Some  authorities  advocate  yellow  phosphorus.  This  reaction  requires  the 
greatest  care,  as  it  is  apt  to  be  explosively  violent.  The  nitric  acid  must  have 
a  specific  gravity  of  not  more  than  1-2,  but  should  be  very  little  less,  or  the 
reaction  is  very  prolonged.  Ortho-phosphoric  acid  may  be  prepared  from 
the  glacial  acid  b}r  prolonged  boiling  (at  least  an  hour)  with  considerable  water, 
and  subsequent  evaporation  to  a  temperature  of  about  185*^.  Then  evaporate 
in  vdcuoy  when  it  will  form  colourless  crystals. 

93.  Phosphorous  acid,  HsPOs*— Reaction  : 

B^Ofi^ .  2H,0  +  PQa  =  H3PO8 + 3Ha  +  CO  +  CO^. 

Place  the  calculated  quantities  of  the  reagents  in  a  flask  fitted  with  a 
reflux  condenser.  Heat  very  cautiously  fill  the  reaction  has  entirely  ceased. 
Allow  to  cool  in  a  basin  in  a  desiccator. 

Note  that  phosphorous  acid  is  only  dibasic ;  its  constitution  is  therefore 
most  probably 

/H 

0  =  P~OH 

\0H 
{Cf,  hypophosphorous  acid.) 

94.  Hypophosphorous  acid,  HsPOa.  Dulong,  Ann.  Chim.  Phys,,  1816, 
p.  141. — Fit  a  roimd-bottomed  2  litre  flask  as  shown  in  Fig.  10.  In  it  place  a 
solution  of  120  gms.  of  barium  hydroxide  in  1200  c.cs.  of  water,  and  add 
30  gms.  of  yellow  phosphorus.  The  apparatus  is  fixed  in  a  fume-cupboard, 
the  air  displaced  by  a  rapid  stream  of  coal  gas  and  the  delivery  tube  then 
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placed  under  water.  The  flask  is  carefully  heated  (sand-bath)  until  the 
phosphorus  has  gone  completely  into  solution,  phosphine  (spontaneously 
inflanunable)  being  evolved,  each  bubble  inflaming  on  contact  with  the  air, 
producing  a  flne  vortex  ring  of  phosphoric  acid.  Now  pass  into  the  hot  liquor 
a  stream  of  carbon  dioxide  to  precipitate  excess  of  baryta,  filter  and  concen- 
trate till  crystallisation  begins  (filtering  off  any  barium  carbonate  that  may 
precipitate  during  the  evaporation), add  some  alcohol  and  set  aside  to  crystallise. 
Filter  at  the  pump,  and  obtain  another  crop  from  the  filtrate.  Re-crystallise 
the  mixed  products  from  as  little  hot  water  as  possible.  Fine  crystals  of 
barium  hypophosphite  are  readily  obtained,  Ba(H^02)2  *  H^O. 


FlO.  10. 


The  free  acid  is  made  by  weighing  out  a'quantity  of  the  crystals,  dissolving 
in  water  and  adding  the  exact  amount  of  8N  sulphuric  acid.  Filter  and 
evaporate  slotvly  till  temperature  reaches  130°  C.  Filter  if  necessary  and 
cool  on  ice.    Do  not  attempt  this  preparation  with  small  quantities. 

Reactions :  3Ba(OH)2  +  8P  +  6H,0  =  2PHg  +  3Ba(Hj|P0,)„ 

3Ba(H^0a)2 + 3H^04 = 3BaS04  +  GH^POj. 

The  acid  is  mono-basic  only,  and  has  therefore  the  structure 

/"  ■ 

0  =  P— H 

It  is  decomposed  by  heat  thus  :   iHjPO,  =  H^P^Oy  +  HjO  +  2PH8. 
It  is  a  very  powerful  reducing  agent  (try  silver  nitrate,  mercuric  chloride, 
etc.),  and  reduces  copper  sulphate  to  copper  hydride,  OUfH^.    This  is  obtained 
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by  adding  considerable  dilute  liypophosphorous  acid  to  a  25  %  solution  of 
copper  sulphate  at  30°  C.     (See  Wurtz,  Ann,  Ghim.  Phys.^  1844,  p.  250.) 

95.  Arsenic  acid,  2H3A8O4  +  H2O. — Prepared  from  the  residue  in  the 
preparation  of  nitrous  anhydride.  Decant  the  liquor  from  any  unchanged 
arsenious  acid,  and  evaporate  to  drjmess.  Re-dissolve  in  a  little  water, 
evaporate  to  a  syrup,  cover  up  and  allow  to  crystallise  in  a  cold  place.  It 
is  a  little  difficidt  to  hit  ofE  the  correct  concentration  for  obtaining  large 
crystals,  and  if  necessary,  trials  must  be  made.  The  crystallisation  is  very 
slow  in  starting,  and  it  may  be  necessary  to  add  a  crystal  (obtained  by 
evaporating  a  drop  to  dr3aiess)  to  give  it  a  start. 

96.  Boric  acid  (H3BO,,  ortho-boric)  from  borax.— Borax,  NaaB4O7,10H2O 
(i.e.  pyro-borate)  is  dissolved  in  boiling  water  and  a  very  slight  excess  of 
strong  hydrochloric  acid  added.  The  borax  solution  should  be  about  20  %, 
when  the  acid  crystallises  on  cooling.  Filter  at  the  pimip,  wash  with  ice 
water,  and  dry  at  120**. 

Na^^O,  +  2HC1  +  5H,0 = 4H,B08  +  2NaCl. 

97.  Iodic  add,  HIOs,  SH^O. — Two  methods  : 

(1).  Decompose  barium  iodate  by  the  exact  amount  of  dilute  sulphuric 

^ ,  acid.   Filter  and  evaporate 

to  crystallisation. 

(2)  Oxidise  iodine  by 
strong  nitric  acid. 

Thirty  grams  of  iodine 
and  130  grams  of  nitric 
acid  (free  from  nitrous)  are 
put  in  a  retort  fitted  as 
shown.  Gentle  heat  is 
applied  and  the  oxides  of 
nitrogen  produced  are  re- 
moved by  blowing  air 
through  the  tube,  as  these 
reduce  the  iodic  acid  and 
hence  retard  the  oxidation. 
Any  iodine  that  distils  is 
put  back  into  the  retort 

from  time  to  time.    When  completely  oxidised,  evaporate  off  the  nitric  acid 

and  crystallise  from  water. 

At  200*^  C.  the  anhydride  Ifi^  is  formed,  which  decomposes  at  higher 

temperatures.    Prepare  this  from  the  mother-liquor. 

B.    ACID  ANHYDRIDES. 

98.  Iodic  anhydride,  I^Os.— (See  No.  97). 

99.  Chromic  anhydride,  CrO^  (H2Cr04  Imown  only  in  solution). 

Reaction  :  KjCr^O^  +  2H^04  =  2KHSO4  +  H,0  +  2Cr0,. 

100  grama  of  potassium  dichromate  are  dissolved  in  170  c.cs.  of  boiling 
water  in  a  large  porcelain  basin.    To  this  add  very  slowly  and  cautiously  125 
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CCS.  of  strong  sulphuric  acid.  Stand  overnight.  Decant  from  the  bisulphate 
and  drain  the  crystals  as  far  as  possible.  Heat  the  liquor  to  65^  C.  and  add 
some  more  sulphuric  acid  (100  c.cs.  of  the  bench  acid).  Evaporate  on  the 
water-bath  till  the  surface  is  covered  with  a  crystalline  mass  of  the  anhydride, 
and  set  aside  overnight.  Filter  through  asbestos  on  the  punip,  and  work 
up  the  mother-liquor.  The  anhydride  is  still  contaminated  with  sulphuric 
acid,  which  is  removed  by  washing  it  on  the  pump  with  concentrated  nitric 
acid.  Finally  heat  in  an  open  basin  to  a  temperature  not  exceeding  150*^  C. 
to  get  rid  of  nitric  acid.    (M.P.  =  192°  C.) 

The  large  excess  of  sulphuric  acid  employed  is  partly  for  Mass  Law  reasons, 
partly  to  assist  in  the  crystallisation  of  the  KHSO4. 

100.  Sulphuric  anhydride,  SOg. — Reaction  : 

2S02+Oa  ;^  2S08  (in  presence  of  catalyst). 

Sulphur  dioxide  and  oxygen  in  volume  ratio  2 : 1  (approx.)  are  passed 
over  freshly-prepared  platinised  asbestos  at  a  temperature  of  400**  C.    The 

0,50^ 
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FlO.  12. 

SO3  is  condensed  in  a  freezing  mixture,  at  a  temperature  not  lower  than 
-  5°  C.  The  essential  necessary  to  success  is  the  absolute  exclusion  of  moisture 
from  the  whole  apparatus.  No  corks  should  be  used  which  are  likely  to  come 
into  contact  with  the  anhydride.  The  temperature  of  the  freezing  mixture 
must  not  be  too  low,  or  any  excess  of  SOg  will  be  liquefied  ( - 10*^  C).  The 
sulphur  dioxide  may  be  delivered  from  a  syphon  and  the  oxygen  from  a 
gas-holder  or  a  cylinder  fitted  with  a  regulator.  The  apparatus  explains 
itself. 

The  platinised  asbestos  is  prepared  by  soaking  asbestos  wool  in  a  solution 
of  chlorplatinic  acid  and  igniting  it  strongly.  As  soon  as  a  sufficient  quantity 
of  the  trioxide  has  formed  in  the  receiver,  the  delivery  tube  is  removed  and 
the  neck  sealed  off  by  the  help  of  a  Herapath  mouth  blow-pipe,  without 
removing  the  flask  from  the  freezing  misture. 

101.  Nitroiu  anhydride,  Na08.(N0  +  N02). — First  shown  to  exist  in  the 
gaseous  state  by  Dixon  and  Peterkin,  J.C./S.,  1899,  p.  613.  Baker  showed 
that  when  quite  dry  (in  presence  of  nitrogen),  not  only  was  it  not  dissociated, 
but  might  even  be  N^O^  (see  J, 0.8,,  1907,  p.  1862). 

Reaction :  AsjOj  +  2HN0,  +  2H2O  =  2H,As04  +  NaOj. 


Digitized  by 


Google 


U  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

50  grams  of  arsenious  oxide  (small  lumps)  are  placed  in  a  small  long-necked 
flask  fitted  with  a  thistle-funnel  and  a  right-angled  outlet  tube.  This  is 
connected  to  a  small  drying  tube  containing  phosphoric  anhydride,  which 
in  turn  is  connected  to  a  U-tube  surrounded  by  a  freezing  mixture.  50  c.cs. 
of  strong  nitric  acid  are  poured  through  the  thistle  tube,  and  the  flask,  standing 
on  an  asbestos  pad,  is  warmed  gently.  The  anhydride  is  a  deep-blue  liquid. 
When  the  reaction  is  over  the  U-tube  is  sealed  whilst  still  in  the  freezing- 
mixture. 

N2O3  forms  nitrous  acid  with  ice-cold  water  (blue  solution),  but  some  of 
it  is  always  lost  as  NO,  the  NO2  thus  formed  dissolving  to  form  nitrous  and 
nitric  acids. 

N203  +  H,0  =  2HNOa 

N20,:^N0  +  N0, 

2NO2  +  HjO  =  HNO,  +  HNOj. 

Utilise  the  residue  in  the  flask  for  the  preparation  of  arsenic  acid,  No.  95. 
102.  Nitric  anhydride,  NjOg.— (Deville,  Ann.  Chim,  Pkys.  [3],  28,  241 
Weber,  Jour.  Prakt.  Ohem.  [2],  6,  342.) 

Reaction  :  2HN08  +  ^aOg  =  N^Og  +  2HPO3. 

Two  molecular  proportions  of  pure  anhydrous  nitric  acid  are  put  into  a 
beaker  immersed  in  a  freezing  mixture,  and  slightly  more  than  one  molecular 
proportion  of  phosphoric  anhydride  added  very  gradually,  taking  care  that 
the  temperature  does  not  at  any  time  rise  above  0°  C.  (Stir  well  with  ther- 
mometer.) The  product  is  transferred  to  a  large  dry  retort  (to  allow  for 
frothing)  connected  to  a  well-fitting  receiver  immersed  in  ice.  Heat  the  retort 
cautiously  on  a  water-bath ;  if  care  has  been  taken  to  exclude  moisture,  the 
distillate  will  solidify. 

It  is  well  not  to  preserve  the  product,  but  to  use  it  up  in  investigating  its 
properties.  F.P.  5°  C,  M.P.  30*"  C.  Decomposes  rapidly  above  45°  C.  (ex- 
plosively when  incautiously  heated).  Combines  violently  with  water,  and 
with  strong  nitric  acid  forms  NjOg,  2HNO3,  i.e. 


NO,— 0— NO— OH 

> 

NO2— 0— NO— OH. 


103.  Phosphoroiis  anhydride,  P40«.  (Thorpe  and  Tutton,  J.C.S.,  1908, 549 ; 
1891y  1019.) — Obtained  when  phosphorus  is  burnt  in  a  limited  supply  of  air 
in  the  apparatus  shown.  Even  then  the  pentoxide  is  the  principal  product ; 
separation  is  effected  by  taking  advantage  of  the  ready  volatility  of  the 
lower  oxide.  The  apparatus  explains  itself.  The  water  in  the  condenser 
is  kept  at  50*'-60*'.  The  plug  of  glass-wool  serves  to  keep  back  much  of  the 
pentoxide.  The  trioxide  distils  over  into  the  ^mall  flask  in  the  freezing 
mixture. 

104.  Phosiihorio  anhydride,  P4O10.— Yellow  phosphorus  is  burnt  in  a 
carefully  regulated  supply  of  dry  air  or  oxygen.  Apparatus  for  this  purpose 
will  be  found  in  most  catalogues.    See  also  Roscoe  and  Schorlemmer,  Vol.  I. 
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If  the  apparatus  is  not  available,  one  may  be  improvised  on  the  lines  shown 
in  Fig.  14. 

The  bell-jar  stands  on  a  glass  plate,  and  the  phosphorus  on  an  iron  tray 
(a  clean  sand-bath  tray).  The  combustion  is  started  in  air,  and  oxygen 
admitted  from  a  gas-holder  or  a  cylinder  fitted  with  a  regulator,  the  supply 


€ 


^ 


FlO.  13. 

being  controlled  by  a  tap.    The  combustion  should  be  fairly  rapid,  but 
should  not  be  allowed  out  of  control.    Bottle  up  the  product  at  once. 

Vapour  density  experiments  show  that  the  formula  is  P40io,  not  PjOg  as 
it  was  formerly  written. 

105.  Anenioiu  anhydride,  Ai40e. — 
Occurs  in  three  forms : 

(1)  Crystalline  (octahedral and  rhombic). 

(2)  Amorphous  (vitreous)  which  is  un- 
stableand  passes  into  the  crystalline  variety. 

(1)  Crfitalline  Ai40e.  — The  starting- 
point  is  commercial  arsenious  oxide. 
*  Method  (a).  Dissolve  some  of  the  oxide 
in  50  %  potash  solution  and  dilute  twenty 
times  with  water.  After  some  days,  indi- 
vidual octahedra  wiU  form.  Any  crusts 
forming  should  be  removed. 

Method  (b) .  The  arsenic  acid  liquor  from 
No.  95  is  evaporated  to  dr3me8s  and  dis- 
solved in  water  to  a  syrup.  This  is  diluted 
with  twelve  times  its  volunie  of  a  freshly- 
made  saturated  sulphur  dioxide  solution 
and  stoppered  up  in  a  flask.  After  several 
weeks  octahedra  form.  Filter,  wash  quickly 
with  a  little  water,  then  with  alcohol  and  fio.  14. 

ether.  i^i 

(2)  Amorphous  Ai40e  is  prepared  on  the  large  scale  by  subliming  the 
impure  oxide  from  iron  pots  into  cylinders  placed  over  them. 

106.  Anenio  anhydride,  A82O5. — The  arsenic  acid  solution  obtained  in 
No.  95  is  carefully  dried  and  heated  to  275^  C.    At  higher  temperatures  it  i? 

Asj05=Asj03  +  0,. 
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On  this  account  its  vapour  density  cannot  be  found,  and  the  simpler 
formula  is  therefore  employed. 

107.  Silicic  anhydride,  Si02.— Reactions  : 

4HF  +  SiOj  (in  any  silicate)  =  2H2O  +  SiF^. 

gat. 

On  passing  into  water  3SiF4  +  4H2O = 2H,SiFe  +  H4Si04. 

ppt. 
and  on  ignition  H48i04  =  SiO,  +  2H2O. 

An  intimate  mixture  of  3  parts  of  cal- 
cium fluoride  and  2  parts  of  common  sand  is 
introduced  into  a  flask  containing  strong 
sulphuric  acid.  See  that  the  mixture  is 
thoroughly  wetted  by  the  acid,  and  then 
fit  up  as  shown  and  heat  gently.  When  the 
reaction  is  over,  filter  off  the  precipitated 
silicic  acid,  wash  it,  dry  and  ignite  strongly. 
The  product  is  a  pure  white  amorphous 
powder.  Convert  the  filtrate  into  potassium 
fluosilicate  by  adding  a  solution  of  potassium 
chloride. 

2KC1  +  HjSiFe  =  K^SiF.  +  2HC1. 

Filter  and  wash  the  precipitate  and  dry 
in  a  desiccator. 

Note. — If  fluosilicic  acid  be  treated  with 
alkali,  it  is  decomposed. 

HgSiF.  +  6K0H  =  6KF  +  H^SiO^  +  2Bfi. 

Silica  may  be  otherwise  prepared  from 

"  water-glass "    by  strongly    acidifying    it 

—  jiQ  15  with   hydrochloric   acid,   evaporating  dry, 

heating  on  a  sand-bath  to  render  the  acid 
insoluble,  and  washing  well  with  boiling  water  to  free  it  from  salt. 
Filter,  wash,  dry  and  ignite  strongly. 
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CHAPTER  VII. 

HALOGEN  COMPOUNDS. 

Under  this  heading  are  included  : 

I.  Halogen  acids  and  oxyacids  not  already  given. 

II.  Metallic  salts  of  the  above. 

III.  Non-metallic  chlorides  and  oxychlorides,  especially  "  acid  chlorides." 
It  often  happens  that  these  acids  and  salts  are  not  conveniently  prepared 

by  the  general  methods  for  one  of  several  reasons, 
(a)  The  acids  are  not  stable,  e.g. 

KI  +  H2SO4  does  not  ->  KHSO4  +  HI, 

for  H28O4  oxidises  2HI  readily->H20  +  Ij,  and  reduction  products  of  the 
H2SO4,  especially  SO,  and  H^S. 


FIO.  16. 

(b)  The  anhydrous  metallic  salts  cannot  be  made  from  solution,  as  partial 
hydrolysis  takes  place.    This  is  especially  the  case  with  the  trivalent  metals. 

(c)  The  acid  is  not  so  readily  available  as  the  halogen  itself ;  e.g.  hydriodic 
and  chloric  acids. 

It  will  readily  be  seen  which  of  these  reasons  applies  in  each  of  the  following 
cases. 

r.  Haloobn  Acids  and  Oxy-acids. 

108.  Hydriodic  add,  HI. — This  is  best  obtained  by  the  direct  combination 
of  hydrogen  and  iodine  under  the  influence  of  heated  platinised  asbestos. 
Fig.  16  shows  the  apparatus :  hydrogen  free  from  arsenic  (from  a  Kipp)  is 
dried  in  A  by  strong  sulphuric  acid.  Iodine  is  placed  in  the  boat  B;  C  ia 
a  plug  of  platinised  asbestos  (see  p.  43).     Disconnect  the  hydrogen  apparatus 
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and  drying  tower  from  the  tube,  and  sweep  all  air  out  of  the  former  by  a 
stream  of  hydrogen  before  connecting,  otherwise  the  mixture  of  hydrogen 
and  air  will  be  ignited  by  the  catalytic  action  of  even  the  cold  platinised 
asbestos,  and  an  explosion  will  result.  Then  connect  to  the  tube,  heat  the 
platinum  and  slowly  vaporise  the  iodine.  The  combination  is  practically 
complete  with  excess  of  hydrogen,  but  a  U-tube  containing  a  little  moist 
red  phosphorus  may  be  used  if  desired.  The  hydrogen  iodide  is  absorbed 
in  water  as  shown  in  Fig.  17  or  18.    Preserve  in  the  dark. 

Hydrobromic  acid  may  be  similarly  prepared,  with  an  obvious  modification 
to  contain  the  bromine.    It  may  otherwise  be  made  thus  : 

109.  Hydrobromic  acid,  BBt.— Reaction : 

PBra  +  SHjO = HaPOj  +  3HBr. 

30  grams  of  sand  are  placed  in  the  flask  (500  c.cs.)  and  on  this  a  mixture 
of  31  grams  of  red  phosphorus,  100  grams  of  sand  and  60  c.cs.  of  water.    240 


r  ^ 


no.  17. 


grams  (80  c.cs.)  of  bromine  are  placed  in  the  funnel.  The  wash-bottle  contains 
a  little  glass-wool  wetted  with  a  cream  of  red  phosphorus  and  water,  to  prevent 
free  bromine  being  carried  over.  The  retort  delivery  tube  prevents  "  sucking 
back."  Two  wash-bottles  arranged  as  shown  in  Fig.  18  may  be  used  instead 
if  desired.  100  c.cs.  of  water  are  placed  in  the  absorber,  and  the  bromine  is 
carefully  added,  a  little  at  a  time.  At  the  end  of  the  reaction  the  flask  may 
be  placed  in  boiling  water  as  shown.  The  function  of  the  sand  is  to  moderate 
the  action,  which  might  otherwise  crack  the  flask.    Preserve  in  the  dark. 

Hydriodic  acid  may  be  prepared  analogously,  but  since  iodine  is  a  solid 
it  cannot  be  added  through  a  funnel ;  the  water  is  thus  added  to  the  iodide 
previously  prepared, 
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110.  Hydrofluoric  acid,  HF. — Powdered  calcium  fluoride  is  heated  gently 
with  strong  sulphuric  acid  in  a  lead  retort.  The  evolved  gas  is  conducted 
by  a  leaden  tube  into  water  in  a  wax  or  gutta-percha  bottle.  This  is  really 
an  example  of  the  general  method  of  preparing  an  acid,  the  apparatus  only 
being  of  a  special  kind,  owing  to  the  action  of  the  acid  on  glass  or  any  silicate. 

111.  Hsrpochlorous  acid,  HCIO. — This  can  be  obtained  in  dilute  solution 
in  several  ways  ;  all  attempts  to  concentrate  the  solution  lead  to  its  decom- 
position. The  best  way,  how- 
ever, is  to  pass  chlorine  over  ^TV-^      /j^ -buMMaai 

gently  heated,  precipitated  mer- 
curic oxide. 
2HgO  +  2Clj  =  HgjOQg  +  CljO. 

The  anhydride  is  led  into 
water. 

Cl20-f-H20  =  2HC10. 

The  experiment  is  not  with- 
out danger,  as  CljO  very  readily 
explodes.  The  free  acid  is  not 
of  great  importance  ;  the  salts 
are. 

112.  Chloric  acid,  HCIO3,  is 
a  very  dangerous  preparation, 
owing  to  its  explosive  tenden- 
cies.   It  is  made  by  the  cautious 

distillation  of  a  mixture  of  strong  sulphuric  acid  and  potassium  chlorate. 
The  student  is  not,  however,  advised  to  attempt  it,  as  the  acid  is  not  of 
much  importance.  A  dilute  solution  may  be  made  by  adding  the  right 
amount  of  dilute  sulphuric  acid  to  a  solution  of  barium  chlorate. 

113.  Perchloric  acid,  HCIO4. — This  acid  is  now  on  the  market  as  a  reagent 
for  the  quantitative  determination  of  potassium  (g'.v.  p.  206).  It  may  be 
made  by  the  careful  distillation  of  a  mixture  of  50  gms.  potassium  perchlorate, 
100  gms.  sulphuric  acid,  and  20  c.cs.  of  water  from  a  fair-sized  retort. 

It  may  also  be  prepared  by  decomposing  a  hot  solution  of  potassium 
perchlorate  by  the  right  amount  of  fluosilicic  acid  of  known  strength  (estimated 
by  N  NaOH).  The  mixture  is  heated  for  some  time  to  complete  the  reaction, 
the  precipitate  of  potassium  fluosilicate  filtered  off  at  the  pump,  and  the 
acid  concentrated  by  evaporation  at  100°  C. 

Should  more  precipitate  appear,  it  must  be  filtered  through  a  plug  of 
asbestos,  as  the  concentrated  acid  oxidises  paper^ 

114.  Periodic  acid,  HI04,2H20  (HglOe). — Prepared  via  the  sodium  salt. 
A  solution  of  sodium  iodate  and  caustic  soda  is  treated  with  chlorine  ;  gradual 
oxidation  to  sparingly  soluble  sodium  periodate  takes  place.  The  crystals 
are  washed  with  a  little  cold  water.  Other  periodates  may  be  prepared  by 
methods  which  will  readily  suggest  themselves. 

NalOa  -H  3NaOH  -h  CI2  =  2Naa  -h  Na^HalOe. 
The  free  acid  is  made  by  treating  the  barium  salt  with  the  right  amount 
of  dilute  sulphuric  acid.     See  also  Mtiller  smd  Friedberger,  Bet,  35  (3),  2652. 
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II.  Metallic  Halides  and  Oxyh4logen  Salts. 

It  often  happens  that  metallic  halides  cannot  be  prepared  from  solution, 
for  one  of  two  reasons  : 

(a)  Partial  hydrolysis  of  the  salt  takes  place,  especially  if  required  anhy- 
drous. 

(b)  The  necessary  acid  is  not  available,  e.g.  chloric,  hydriodic,  etc. 
Hence  the  following  methods  : 

115.  Anhydrous  ferric  chloride,  FeCla. — ^A  hard  glass  tube  about  25  cms. 
long,  1*5  cms.  bore,  is  packed  with  clean  iron  wire  0-1  cm.  diameter.  The 
end  is  fitted  as  shown  (Fig.  19)  into  the  bottle  in  which  the  specimen  is  to  be 
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Fig.  19. 

preserved,  the  cork  being  protected  from  the  heat  of  the  burners  by  an  asbestos 
card.  The  iron  is  strongly  heated  in  a  stream  of  dry  chlorine.  Vigorous 
combustion  occurs.  Most  of  the  product  will  sublime  into  the  bottle  if  the 
temperature  is  high  enough.  Any  remaining  in  the  tube  may  be  pushed  into 
the  bottle  by  means  of  a  glass  rod,  after  the  chlorine  has  been  swept  out  by  a 
stream  of  air.  Stopper  the  bottle  securely  whilst  warm,  and  seal  with  paraffin 
wax. 

Absolute  exclusion  of  moisture  in  this  and  the  following  experiments  is 
essential. 

The  part  of  the  tube  between  the  furnace  and  the  bottle  should  be  as  short 
as  possible. 

Ferrous  chloride  may  be  made  from  the  product  by  reducing  it  in  a  stream 
of  hydrogen  at  a  moderate  temperature. 

116.  Anhydrous  alnmininm  chloride,  AICI3. — The  apparatus  is  as  in 
Fig.  19.  Hydrochloric  acid  gas  is  used  instead  of  chlorine.  The  tube  is 
filled  loosely  with  aluminium  turnings,  which  must  first  be  freed  from  oil 
by  thoroughly  washiiig  with  alcohol  and  drying  above  100®  C.  The  air  must 
be  completely  displaced  by  the  acid  gas  before  heating  the  tube,  or  an  explosion 
of  hydrogen  and  oxygen  may  result.    In  order  to  prevent  the  stoppage  of  the 
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tube  the  stream  of  gas  must  be  very  rapid.    The  aluminium  must  not  be 
heated  to  melting,  and  moisture  must  be  rigidly  excluded. 

117.  Chromic  chloride,  Crds* — ^his  may  be  made  by  a  somewhat  similar 
method  to  that  used  for  ferric  chloride,  with  the  following  modifications. 
The  tube  should  be  shorter,  and  the  condensing  bottle  is  unnecessary,  as  the 
chloride  is  not  readily  volatile  and  will  stay  in  the  tube,  in  which  it  is  sealed 
at  the  end  of  the  experiment,  after  replacing  the  chlorine  by  a  current  of 
carbon  dioxide.  The  tube  is  therefore  drawn  out  at  both  ends  before  the 
experiment.  The  coarsely-powdered  chromium  obtained  in  No.  32  is  used 
(10  gms.). 

A  mixture  of  CrjOj  +  30  may  be  used  instead  of  metallic  chromium.  Make 
a  paste  of  the  required  quantities  of  lamp-black  and  chromic  oxide  with 
water,  roll  into  pellets  and  dry. 

118.  Stannic  chloride,  SnQ^. — A  stream  of  dry  chlorine  is  led  over  50  gms. 
of  granulated  tin,  loosely  packed  in  a  distilling  flask.  Another  distilling 
flask  is  fitted  to  the  side-tube  to  act  as  receiver.  The  receiver  should  be 
cooled  with  water.  A  guard  tube  of  calcium  chloride  excludes  atmospheric 
moisture,  and  a  lime  tower  should  be  attached  to  absorb  excess  of  chlorine. 

When  no  more  tin  will  react,  distil.    B.P.  113-5°. 

It  fumes  strongly  in  air,  and  with  the  correct  amount  of  water  forms  a 
crjTstalline  hydrate,  SnCl4,  5H2O,  in  which  form  it  is  usually  sold. 

It  combines  with  ammonium  chloride  to  form  (NH4)2SnCl^  ("  pink  salt  '*), 
which  is  used  as  a  "  mordant  "  in  dyeing. 

Antimony  pentachloride,  SbCls,  may  be  similarly  made.  It  must  be 
distilled,  however,  in  vacuo,  as  it  decomposes  under  ordinary  pressure  at  the 
boiling  point.   -It  boils  at  78°  under  20  mm.  pressure. 

119.  Antimony  trichloride,  SbCls. — The  starting-point  is  the  mineral 
stibnite,  SbgSg.  50  gms.  are  finely  powdered  and  added  to  excess  of  cold 
strong  hydrochloric  acid  in  a  basin  in  the  fume-cupboard.  Warm  gently. 
More  acid  and  a  little  potassium  chlorate  may  be  added  to  complete  solution. 
Boil  till  free  from  hydrogen  sulphide  and  pour  into  a  large  volume  of  hot  water. 
The  precipitate,  Sb^OgClj,  is  washed  by  decantation,  dissolved  in  strong 
hydrochloric  acid  and  distilled  from  a  retort  fitted  with  a  thermometer,  using 
a  flask,  cooled  under  the  tap,  as  receiver.  When  the  temperature  reaches 
210°C.  change  the  receiver.  Re-distil  the  portion  which  comes  over  above 
this  temperature.    Seal  up  with  a  cork  soaked  in  paraffin  wax.    B.P.  223°. 

The  first  runnings*may  be  used  to  prepare  Sb^Oj  (No.  18). 
Antimony  trioxide  may  be  used  as  the  raw  material  instead  of  stibnite, 
but  it  generally  contains  much  Sb204,  insoluble  in  hydrochloric  acid. 

120.  Lead  tetrachloride,  PbCl4.  (Friedrich,  Monat.f,  Chemie,  14,  507.)— 
Thoroughly  grind  10  gms.  of  lead  chloride  with  successive  quantities  of  cold, 
strong  hydrochloric  acid,  pouring  off  the  liquid  and  the  fine  powder  until 
it  is  all  reduced  to  a  finely  divided  state  with  about  200  c.cs.  of  strong  hydro- 
chloric acid.  Transfer  to  a  flask,  and  saturate  with  chlorine  till  almost 
all  the  chloride  has  dissolved.  Several  hours  are  required  for  this.  Allow 
the  solution  to  stand  overnight,  filter  through  glass-wool  ahd  cool  with  ice. 
Add  an  ice-cold  solution  of  4  gms.  of  ammonium  chloride  in  40  c.cs.  of 
water.    After  some  hours  the  yellow  ammonium  plumbichloride  is  filtered 
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ofi,  washed  with  ice-cold  alcohol  and  dried  at  50^.    It  has  the  composition 
(NHJ^PbCle. 

To  obtain  the  free  (unstable)  PbCl4,  it  is  mixed  with  three  times  its  weight 
of  ice-cold  strong  sulphuric  acid  and  well  stirred.  After  a  tin;e  a  heavy 
colourless  oil  separates  (PbCl4).  *It  is  freed  from  ammonium  sulphate  by 
repeated  treatment  with  ice-cold  sulphuric  acid.  It  is  not  very  stable,  and 
explodes  violently  when  strongly  heated. 

121.  Potassium  iodide,  EI. — 25  grams  of  pure  reduced  iron  powder  ar« 
suspended  in  200  c.cs.  of  water  in  a  flask,  and  100  grams  of  iodine  are  slowly 
added,  with  cooling.  Filter  off  the  excess  of  iron,  add  a  few  more  grams  of 
iodine,  and  warm  gently  on  a  water-bath.  Warm  a  30%  solution  of  the 
required  quantity  of  potassium  carbonate,  and  slowly  add  the  iron  iodide 
solution  to  it,  not  vice  versa.  Filter  and  crystallise.  Compare  the  crystals 
with  thoso  of  the  bromide  and  chloride. 

Reaction, — Ferroso-ferric  iodide  is  formed,  FegIg,  which  is  decomposed 
by  the  carbonate  thus  : 

Feslg  +  4K2CO3  =  Fe304  +  iCOg  +  SKI. 

Potassium  bromide  is  obtained  advantageously  by  a  similar  method.- 

122.  Anhydrous  magnesium  chloride,  HgClis. — Many  of  the  divalent 
chlorides  cannot  be  obtained  pure  in  the  anhydrous  state  by  driving  off  water 
of  crystallisation  from  the  hydrated  salt,  as  partial  hydrolysis  takes  place, 
hydrt>chloric  acid  is  evolved,  and  a  more  or  less  basic  salt  left.  If,  however, 
the  dehydration  is  carried  out  in  the  presence  of  ammonium  chloride,  the 
pure  anhydrous  chloride  is  left. 

Dissolve  equal  weights  of  crystallised  magnesium  chloride  ^nd  ammonium 
chloride  in  the  minimum  of  hot  water,  filter  (funnel-heater  !)  and  evaporate 
dry  (best  in  platinum  basin)  with  great  care,  breaking  up  lumps  and  taking 
precautions  neither  to  overheat  nor  to  leave  any  trace  of  moisture. 

A  test  portion  should  not  lump  together  when  heated  gently,  nor  should  it 
evolve  any  moisture  when  heated  strongly. 

Transfer  to  a  platinum  crucible,  and  heat  strongly  in  a  gas  furnace.  The 
magnesium  chloride  remains  as  a  molten  mass,  solidifying  to  radiating  crystals, 
which  should  dissolve  in  water  to  form  a  perfectly  clear  solution. 

Strontium  chloride  may  be  similarly  prepared. 

123.  Pore  sodium  chloride,  Nad. — 500  gms.  of  commercial  salt  are  dissolved 
in  1500  c.cs.  of  boiling  water  in  a  large  basin,  and  15  gms.  of  slaked  lime  mixed 
with  water  are  added,  followed  by  50  c.cs.  of  the  bench  barium  chloride 
solution.  Now  add  a  solution  of  about  20  gms.  of  sodium  carbonate,  stir 
well  and  set  aside. 

The  slaked  lime  causes  the  precipitation  of  the  hydroxides  of  other  metals 
present,  especially  magnesium,  the  barium  chloride  decomposes  sulphates 
and  the  sodium  carbonate  precipitates  the  excess  of  lime  and  barium  chloride. 

The  solution  is  filtered  (avoiding  disturbance  of  the  somewhat  slimy 
precipitate)  and  evaporated  till  the  solution  is  practically  saturated.  It  is 
then  cooled  and  saturated  with  hydrochloric  acid  gas  (using  a  funnel  as 
delivery  tube)  and  set  aside  overnight.  Filter  at  the  pump  and  dry  above 
100°  in  an  air  oven. 
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Fine  "  hopper  "  crystals  of  salt  are  often  found  on  the  surface  of  the 
solution.    These  should  be  carefully  removed  and  preserved. 
Potasnum  chloride  is  purified  in  a  similar  manner. 

124.  Caproos  chloride,  Ca2Cl2* — "^^  s&^t  is  made  by  the  reduction  of  cupric 
chloride  by  metallic  copper. 

Cua,  +  Cu  =  CujCl2- 
As  the  salt  is  insoluble  in  water,  and  the  copper  would  thus  soon  become 
coated  with  it,  the  reduction  is  carried  out  in  excess  of  hydrochloric  acid, 
which  dissolves  the  chloride,  forming  the  complex  acid  H^CujCl^.  Moreover, 
it  is  cheaper  to  start  from  copper  than  from  cupric  chloride ;  the  solution 
of  the  copper  in  the  hydrochloric  acid  is  effected  by  adding  the  right  amount 
of  nitric  acid. 

Twenty  gms.  of  copper  "  wool "  or  fine  turnings  are  added  to  250  c.cs. 
of  strong  hydrochloric  acid  in  a  600  c.c.  flask.  Sidficient  strong  nitric  acid 
is  added  to  convert  about  a  quarter  of  the  copper  to  copper  oxide  (excess  of 
copper  being  desirable  for  obvious  reasons). 

3Cu  +  2HNO3  =  3CuO  +  HjO  +  2N0. 

This  forms  cupric  chloride  with  the  hydrochloric  acid,  and  is  then  reduced 
by  the  remaining  copper.  The  solution  should  be  warmed  gently  in  the  fume- 
cupboard  till  the  first  reaction  has  moderated,  and  then  is  well  boiled  till  the 
dark  green  solution  becomes  almost  colourless,  more  copper  being  added  if 
necessary.  Decant  the  hot  liquid  into  a  dry  flask,  cork  up  and  set  aside 
overnight.  Next  morning  a  portion  of  the  cuprous  chloride  will  have  crystal- 
lised. This  should  be  treated  separately.  The  main  portion  is  precipitated 
by  pouring  the  liquid  into  a  considerable  excess  of  cold  air-free  water  containing 
some  sulphurous  acid,  to  prevent  oxidation.  Allow  the  precipitate  to  settle, 
filter  at  the  pump,  wash  three  times  with  sulphurous  acid  and  three  times 
with  glacial  acetic  acid  as  quickly  as  possible.  Now  dry  at  100^  in  the  open 
(not  in  an  oven)  so  that  drying  is  as  rapid  as  possible.  When  these  pre- 
cautions are  taken,  no  oxidation  will  take  place,  and  the  product  is  pure  white. 
It  does  not  keep  well,  however,  absorbing  oxygen  to  form  a  basic  cupric 
salt. 

Query, — Why  cannot  cuprous  chloride,  being  insoluble,  be  prepared  by 
double  decomposition  ? 

125.  Caprons  iodide,  Q\i^. — This  is,  curiously,  the  only  stable  iodide  of 
copper,  and  one  of  the  most  stable  cuprous  salts. 

10  gms.  of  copper  sulphate  crystals  are  dissolved  in  water,  saturated  with 
sulphur  dioxide,  and  the  right  amount  of  potassium  iodide  solution  added. 
Allow  to  stand  some  time,  filter  at  the  pump,  wash  well  and  dry. 

2CUSO4  +  2KI  +  H2SO3  +  H,0  =  Cuglj  +  2KHSO4  +  H2SO4. 
The  function  of  the  sulphurous  acid  is  to  reduce  the  iodine  set  free  by 
2CUSO4  +  4KI  =  2K2SO4  +  Cujj  + 12 
to  hydriodic  acid  again, 

I,  +  HjO  +  H2SO3  =  2HI  +  HjS04, 
so  that  it  can  react  with  more  copper  sulphate,  otherwise  half  the  iodine  is 
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lost,  and  the  reaction  is,  moreover,  incomplete,  for 

2CuI,:^Cu,l2  +  l2 
is  a  "  balanced  "  action,  which  goes  completely  to  the  right  when  the  free 
iodine  is  removed.    (See  under  Volumetric  estimation  of  copper.) 
Caprons  bromide  may  be  similarly  prepared. 

126.  Potassium  chlorate,  KCIO3,  and  chloride,  KCL— Pass  chlorine  into  a 
gently  boiling  20  %  solution  of  potash  till  no  more  is  absorbed.    The  delivery 

tube  should  be  a  funnel  and  the  solu- 
tion should  be  in  a  beaker  on  a  sand- 
bath.    (See  Fig.  20.) 

When  the  reaction  is  over  transfer 
to  a  basin,  boil  till  free  from  chlorine 
and  cool  rapidly  with  vigorous  stir- 
ring. Filter  off  at  the  pump,  wash 
once  with  ice-water  and  recrystallise 
the  chlorate. 

The  liquor  should  be  evaporated 
dry  and  strongly  heated  to  decom- 
pose any  chlorate  left ;  it  is  then 
taken  up  in  water  and  crystallised. 

6K0H + 3a, = KaOs  +  5Ka + 3HjO. 

Commercially,  calcium  hydroxide 
is  used,  the  reaction  being  conducted 
at  80°  C.  Potassium  chloride  is  then 
added,  and  the  chlorate  formed  is 
recrystallised. 
j.,0^  20.  Electrolytic  methods  are  now  re  • 

placing  the  above. 

127.  Potassium  perchlorate,  KCIO4. — When  potassium  chlorate  is  kept  at 
a  temperature  just  insufficient  to  cause  evolution  of  oxygen,  the  following 
reaction  takes  place : 

4Kao8:^3Kci04-HHa. 

At  higher  temperatures  the  chlorate  decomposes  thus:  KC108=KCl  +  30 
(monomolecular  change).  (See  Jon  Scobai,  Zeit.  Phys.  Chem.,  xliv.  p.  319 
(1903).) 

50  grams  of  chlorate  are  melted  in  a  porcelain  basin  and  kept  at  the 
necessary  temperature  until  the  mass  has  solidified  (perchlorate  has  higher 
melting  point).  It  is  allowed  to  cool,  ground  up  with  a  little  cold  wat^r  to 
get  rid  of  much  of  the  chloride.  The  water  is  poured  off,  and  any  remaining 
chlorate  decomposed  by  adding  a  little  strong  hydrochloric  acid  and  warming. 
(Fume-cupboard  !).  Cool,  pour  off  the  liquid,  dissolve  in  the  minimum  of 
boiling  water  and  crystallise  in  the  usual  way. 

N,B. — Perbromate  and  periodate  are  not  formed  in  a  similar  manner. 

128.  Potassium  bromide,  KBr,  and  bromate,  KBrOs.— To  a  20  %  solution 
of  caustic  potash  add  slowly  the  calculated  amount  of  bromine.  The  potash 
solution  should  be  titrated  against  standard  acid,  as  stick  potash  is  by  no 
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means  pure  KOH.  The  density  of  bromine  being  about  3,  the  required  quan* 
tity  should  be  measured  from  a  burette.  Set  aside  the  product.  The  bromate 
crystallises,  and  should  be  recrystallised  till  free  from  bromide.  The  bromide 
is  obtained  from  the  mother  liquor  by  evaporating  dry  with  several  grams  of 
wood-charcoal  and  then  heating  strongly.  The  charcoal  reduces  the  bromate, 
which  otherwise  requires  a  very  high  temperature.  Allow  to  cool,  dissolve 
in  water,  filter  and  crystallise.  Compare  the  bromate  crystals  with  those  of 
potassium  chlorate,  and  the  bromide  crystals  with  those  of  potassium  chloride. 

129.  Potassiiim  iodate,  EIOs* — This  is  best  prepared  by  the  action  of  iodine 
on  potassium  chlorate. 

2Ka03  +  l2  =  2KI03  +  Clj. 

To  50  gms.  of  potassium  chlorate  in  100  c.cs.  of  hot  water,  in  a  large  flask, 
add  rather  more  than  the  calculated  quantity  of  iodine  (to  allow  for  slight 
loss  by  volatilisation).  To  the  hot  mixture  add  a  few  c.cs..of  hot  strong  nitric 
acid.  This,  after  a  few  minutes,  starts  the  reaction,  and  a  torrent  of  cUorine, 
with  a  little  iodine,  is  evolved.  When  the  reaction  is  over,  boil  off  the  chlorine 
and  set  aside.     Work  up  the  mother  liquor  for  another  crop. 

The  crude  product  will  contain  some  of  the  acid  iodate  (see  No.  97)  owing 
to  the  nitric  acid  which  has  been  added.  Dissolve  it  in  hot  water,  and  care- 
fully neutralise  with  potassium  carbonate.    Recrystallise. 

III.  Acid  Chlorides,  Etc. 

The  "  acid  "  chlorides  are  chlorides  or  oxychlorides  which  react  with  water 
to  give  hydrochloric  acid  and  the  oxyacid  of  the  element  in  question.  The 
most  important  inorganic  ones  are  the  chlorides  of  phosphorus  and  the  two 
chlorides  of  sulphuric  acid.  The  organic  acid  chlorides  are  of  great  importance 
as  reagents. 

The  general  method  of  preparation  of  an  acid  chloride  is  to  treat  the  acid 
or  its  sodium  salt  with  phosphorus  pentfwjhloride,  by  which  the  hydroxyl 
group  is  replaced  by  chlorine.  This  is  always  the  method  for  the  organic 
ones,  but  there  are  simpler  methods  for  some  of  the  inorganic  ones. 

In  aU  the  foUowing  preparations,  careful  exclusion  of  moisture  is  absolutely 
necessary.  Moreover,  it  is  very  dangerous  to  inhale  the  vapours  of  any  of  these 
substances  ;  every  preparation  should  be  done  in  a  good  draught  cupboard. 

The  Chlorides  of  Phosphorus. 

130.  PhOBphoms  trichloride,  Pd,. — 31  gms.  of  yellow  phosphorus  are  cut 
up  under  water,  dried  as  quickly  as  possible  on  some  filter  paper,  and  dropped 
by  a  pair  of  tongs  into  the  retort,  which  is  full  of  carbon  dioxide  (Fig.  21). 
The  apparatus  is  fitted  as  shown,  and  a  fairly  rapid  stream  of  dry  chlorine 
passed  over  the  phosphorus,  which  is  gently  heated  on  a  sand-bath. 
It  takes  fire  and  fumes  of  the  trichloride  form  and  collect  in  the  receiver 
as  a  liquid.  Should  crystals  of  the  pentachloride  form  in  the  neck  of 
the  retort,  push  the  chlorine  tube  down  nearer  to  the  phosphorus  ;  if  phos- 
phorus sublimes,  raise  the  chlorine  tube.  For  this  purpose  it  should  not 
fit  too  tightly  into  the  cork.  Every  care  must  be  taken  to  exclude 
moisture.     Redistil   the   product   from   a   fractionating  flask.      B.P.    74°. 
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Yield,  about  120  gms.    It  reacts  with  water  to  form  phosphorous  acid 
PCI3  +  SHjO = 3Ha  +  H3PO3. 


DRY 


Fig.  22. 


Fig.  21. 

131.  Phosphorus  pentachloride,  PCI5.  — The 
bottle  in  which  the  specimen  is  to  be  preserved  is 
fitted  as  shown  (Fig.  22).  Chlorine  is  led  in  by 
the  funnel,  which  thus  prevents  stoppage  of  the 
tube  by  the  pentachloride.  When  the  bottle  is 
full  of  chlorine,  phosphorus  trichloride  is  run  in, 
a  little  at  a  time,  from  the  dropping  funnel, 
waiting  until  the  pentachloride  formed  appears 
dry  between  each  addition.  The  yield  is  quanti- 
tative. 

Reaction  with  water. 

(1)     pag + H2O = poag + 2Ha. 

(2)  POCl3  +  3H20  =  H3P04  +  3HCl. 

The  vapour  density  shows  that  above  290** 
it  is  completely  dissociated  into  the  trichloride 
and  chlorine 

pci5:jpci3+ci, 

(See  Naumaun,  Lieb,  Ann.  (Supp.),  v.  349.) 

132.  Phosphorus  oxychloride,POCl8.  (Dervin, 
Comp.  Rend.,  97,  576.)  - 

3PCI3  +  KCIO3  =  3POCI3  +  3KC1. 
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The  required  proportions  of  the  reagents  are  weighed  out,  the  chlorate 
is  very  finely  powdered  and  added  to  the  trichloride  in  the  flask  (Kg.  23),  a 


little  at  a  time,  waiting  between  each  addition  till  the  reaction  subsides. 
The  guard  tube  contains  calcium  chloride,  to  prevent  ingress  of  atmospheric 


FIO.  24. 


moisture.  Should  the  action  be  slow  in  starting,  warm  gently.  Any  tri- 
chloride which  distils  is  returned  to  the  flask.  When  the  chlorate  has  all 
been  added,  distil  to  dryness  with  a  large  luminous  flame  which  is  kept 
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moving.    Fractionate  the  product,  collecting  separately  the  portion  boiling  at 
110^    (See  also  No.  135.) 

133.  Snlphnryl  chloride,  S02C12* — Obtained  by  the  direct  union  of  sulphur 
dioxide  and  chlorine  under  the  catalytic  (?)  influence  of  camphor  (Fig.  24). 

In  a  500  c.c.  distilling  flask  cooled  in  a  vessel  of  water,  put  50  gms.  of 
camphor,  fit  up  as  shown,  and  pass  in  sulphur  dioxide  till  it  is  no  longer 
absorbed.  Then  pass  dry  chlorine  into  the  liquid  till  it  is  no  longer  absorbed, 
and  repeat  till  the  volume  of  liquid  no  longer  increases. 

Distil  the  product  till  the  temperature  reaches  100°.  Fractionate  the 
distillate.     B.P.  of  the  pure  chloride,  69*5°. 

The  residue  containing  the  camphor  may  be  used  for  another  preparation. 

Action  with  water. 

SO^ag  +  2HjjO  =  H2SO4  +  2Ha. 

134.  Chlorsulphonie  acid,  S02(0H)CL — Prepare  pure  sulphuric  acid 
H2SO4,  by  mixing  ordinary  strong  acid  with  fuming  sulphuric  acid  (HjSjO^) 
till  the  density  is  1840  at  15°  C. 

Three  molecular  proportions  of  this  are  placed  in  a  large  distilling  flask, 
and  one  molecular  proportion  of  phosphorus  pentachloride  added  gradually. 
The  mixture  gets  hot,  and  hydrochloric  acid  is  evolved. 

Connect  the  flask  to  a  distilling  flask  to  serve  as  receiver  (Fig.  23,  p.  57), 
heat  on  an  air-bath  till  most  of  the  hydrochloric  acid  has  been  driven  ofi  and 
distil. 

Fit  the  receiving  flask  with  a  thermometer  and  an  air  condenser  (making 
the  connections  by  means  of  asbestos  paper  or  string ;  cork  would  be  cor- 
roded).   Distil  again  up  to  165°,  and  fractionate  the  distillate.    B.P.  153°. 

The  substance  is  the  "  half  chloride  "  of  sulphuric  acid,  and  is  used  in 
organic  chemistry  as  a  sulphonating  agent.  Compare  chromyl  chloride  and 
potassium  chlorchromate. 

135.  Thionyl  chloride,  SOGI2  (Lieb.  Ann,,  111,  94). — Pass  sulphur  dioxide 
over  phosphorus  pentachloride  in  a  large  flask  till  it  is  all  dissolved. 

SO2 + PCI5 = pocij  4-  soa^. 

Use  at  least  500  gms.  of  phosphorus  pentachloride. 

Fractionate  the  products  and  preserve  them  both.     B.P.    of   thionyl 
chloride  78°.    Used  to  prepare  the  esters  of  sulphurous  acid. 
Reaction  with  water : 

SOCl,  +  2HjO  =  H2SO3  +  2HC1. 
B.P.  of  phosphorus  oxychloride  110°. 

136.  Chromyl  chloride,  Cr02Cl2« — 25  gms.  of  potassium  bichromate  are 
fused  in  a  basin,  allowed  to  cool  and  ground  up  finely,  mixed  intimately  with 
35  gms.  of  salt  and  placed  in  a  large  retort.  Fix  a  fractionating  flask  to  the 
neck  of  the  retort  (by  a  piece  of  rubber  tubing  slipped  on  the  latter).  Run 
100  CCS.  of  strong  sulphuric  acid  into  the  retort,  taking  care  that  the  whole 
mixture  is  wetted  by  it.  Deep  red  fumes  resembling  bromine  are  produced. 
Warm  gently  on  a  sand-bath  and  distil.  Redistil  the  product  from  the  flask. 
B.P.  117°. 

Reaction  with  water : 

CrOgClg  +  2H2O  =  H2Cr04  +  2HC1. 
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137.  Potasnnm  chlorohromate,  Cr02(0K)Cl.— 50  gms.  of  potassium 
dichromate  are  well  ground  with  65  c.cs.  of  strong  hydrochloric  acid,  trans- 
ferred to  a  basin,  and  the  mixture  heated  on  a  water-bath  till  chlorine  just 
begins  to  come  off.  Turn  out  the  gas,  add  70  c.cs.  of  hot  water  and  allow 
to  cool  on  the  bath,  very  slowly.  Fine  crystals  are  readily  obtained.  The 
ammonium  salt  is  similarly  prepared.  Note  the  action  of  water  and  of 
strong  sulphuric  acid. 

138.  Sulphur  '' monoohloride/'  SsCls. — Pass  dry  chlorine  rapidly  (by  a 
tube  just  clear  of  the  surface)  over  molten  sulphur  in  the  apparatus  of  Fig.  23, 
using  a  distilling  flask  as  receiver.  The  chloride  distils  as  a  yellow  liquid, 
and  is  redistilled  using  an  air  condenser,  with  careful  exclusion  of  moisture. 
B.P.  138°  C. 

Reaction  with  water : 

28,01^  +  2H2O  =  4Ha  +  3S  +  SOjj. 

It  is  used  largely  in  the  vulcanisation  of  rubber.  It  absorbs  chlorine  at 
0°,  forming  SClj,  but  this  dissociates  again  at  higher  temperatures.  It  is 
not  a  true  **  acid  "  chloride,  as  no  corresponding  acid  is  known. 
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PREPARATIONS  FROM  MINERALS. 

139.  Strontium  salts  from  oelestine,  SrS04. — The  sulphate  is  reduced  to 
sulphide  by  heating  strongly  with  carbon. 

SrS04  +  4C  =  4CO  +  SrS. 

For  details  of  the  reduction  see  No.  14. 

If  desired,  the  hydroxide  produced  in  No.  14  may  be  used  to  prepare  the 
salts,  but  it  is  more  economical  simply  to  dissolve  the  sulphide  in  the  required 
acid.    This  should  be  done  in  the  draught  cupboard. 

Barium  salts  may  by  obtained  from  bar3rtes,  BaS04,  in  a  precisely  similar 
manner. 

140.  Alum  from  cryolite,  Na^AlFe.— 

Reaction  :  NajAlFe  +  3CaO  =  NajAlOa  +  SCaF,. 

Mix  intimately  equal  weights  of  very  finely  powdered  cryolite  and  pure 
quicklime.  Ignite  strongly  in  a  platinum  (or  nickel  or  iron)  crucible  in  a 
furnace  for  |  hour. 

Grind  up  the  product,  boil  with  water,  and  test  the  filtrate  for  lime.  If 
present,  add  some  sodium  carbonate  and  filter.  Pass  carbon  dioxide  through 
the  boiling  liquid  till  no  more  precipitate  falls. 

2Na8Al03  +  3C0,  +  aH^O  =  SNajCOa  +  2Al(OH)8. 

Wash  the  aluminium  hydroxide  with  boiling  water  (decantation),  dissolve 
in  the  right  amount  of  sulphuric  acid,  and  add  the  required  quantity  of 
potassium  or  ammonium  sulphate  (calculated  from  the  weight  of  cryolite 
taken). 

The  filtrate  may  be  evaporated  for  pure  sodium  carbonate. 

141.  Alum  from  kaolin  (olay)»  Mfifiifis,  H2O.— Pure  kaolin,  finely 
powdered,  is  ground  well  with  IJ  times  its  weight  of  pure  sulphuric  acid. 
It  is  then  gently  heated  on  an  air-bath  for  3  hours.  The  temperature  is  then 
raised  till  white  fumes  come  off  thickly.  Allow  to  cool,  dissolve  in  water, 
filter,  and  add  the  calculated  amount  of  potassium  or  ammonium  sulphate 
and  crystallise.     (The  yield  of  aluminium  sulphate  is  practically  quantitative.) 

Manganese  salts  from  pyrolusite,  MnOs* 

142.  Manganese  chloride,  Mnds,  6H2O. — The  residual  liquor  from  the 
preparation  of  chlorine  is  evaporated  dry  with  constant  stirring,  ground  up 
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and  heated  gently,  on  a  sand-bath.  The  ferric  chloride  is  thereby  largely 
converted  into  an  insoluble  basic  salt.  Allow  to  cool,  grind  up  with  hot 
water  and  filter.  The  remaining  iron  is  precipitated  by  adding  manganous 
carbonate  (obtained  by  precipitating  ^^  of  the  liquid  with  sodium  carbonate 
solution,  fiiltering  and  washing)  and  boiling  gently  till  a  filtered  solution 
is  free  from  iron  (pure  flesh-coloured  precipitate  with  ammonium  sulphide). 
Filter  and  crystallise.  The  above  method  of  freeing  the  divalent  metab 
irom  iron  and  the  trivalent  metals  is  quite  general.  (See  also  No.  48.)  The 
iron  must,  however,  be  in  the  ferric  state. 

143.  Potassiiim  pennanganate,  Klln04. — Mix  50  gms.  of  potash,  25  gms. 
of  potassium  chlorate,  and  a  little  water  in  a  nickel  basin,  and  heat  gently 
till  the  whole  is  fluid.  (The  eyes  and  hands  should  be  protected.)  Now  stir 
in  50  gms.  of  powdered  pyrolusite,  a  little  at  a  time,  and  then  heat  gently  till 
dry,  then  to  dull  redness  for  some  time.  Remove  the  mass  by  pouring  in 
cold  water  whilst  it  is  still  warm  (not  red  hot)  and  grind  up  with  a  litre  of 
water,  transfer  to  a  flask,  heat  (water-bath),  and  pass  in  carbon  dioxide  till 
the  liquid  has  become  a  purple  colour.  A  drop  placed  on  a  white  tile  should 
not  be  still  green  round  the  edges.  Allow  to  cool  and  transfer  to  a  large 
gas-jar.  Let  the  muddy  oxides  of  manganese  settle,  and  syphon  off  the 
clear  liquid.  (It  is  hopeless  to  try  to  filter.)  Evaporate  to  crystallisation, 
leave  overnight,  decant  and  wash  with  a  little  ice-water.  Air-dry  on  a  porous 
plate. 

(1)         SMnOa  +  6K0H  +  KCIO3  =  KQ  +  SK^MnO^. 
.    (2)  3K2Mn04  +  2C02  =  2KMn04  +  Mn02  +  2K2C03. 

On  the  large  scale  the  manganese  is  oxidised  to  permanganate  by  ozone, 
thus  avoiding  loss  of  manganese.     (See  also  No.  153.) 

144.  Manganous  sulphate,  ]llbiS04,4H20. — Pvrolusite  is  very  finely 
powdered  and  ground  thoroughly  }o  a  cream  with  strong  sulphuric  acid.  It  is 
transferred  to  a  basin  and  very  carefully  heated  on  a  sand-bath  till  no  more 
sulphuric  acid  fumes  are  evolved  (350°).  Finish  at  a  barely  visible  red-heat 
in  a  muffle. 

The  ferric  sulphate  is  thus  mainly  decomposed. 

Extract  the  powdered  product  repeatedly  with  hot  water  and  filter.  Add 
a  little  manganous  carbonate  (see  previous  preparation)  or  a  little  barium 
carbonate,  and  digest  at  a  gentle  heat  for  some  hours,  till  a  test  portion  shows 
no  iron  when  treated  with  thiocyanate.  Filter  and  evaporate  till  just  satur- 
ated ;  set  aside  to  crystallise  spontaneously. 

The  mother-liquor  may  be  used  for  the  preparation  of  "  substituted 
vitriols,"  by  adding  the  calculated  quantity  of  alkali  sulphate.  (Solubility 
of  MnS04  at  15''  =  about  26.) 

145.  Potassium  dichromate,  Kfitjd-j^  from  chromite,  FeO.CrsOs. — The 
very  finely  powdered  mineral  is  intimately  mixed  with  twice  its  weight  of 
potassium  carbonate  and  one-fifth  its  weight  of  potassium  nitrate,  and  placed 
in  a  large  crucible  which  should  not  be  much  more  than  half-full.  Heat  in 
the  furnace  till  no  more  carbon  dioxide  is  evolved,  and  pour  the  fused  mass 
into  a  clean  sand-tray.  When  cold,  powder  and  extract  with  several  portions 
of  boiling  water.    Filter.    Render  acid  to  litmus  with  acetic  acid  and  neutral 
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with  potassium  carbonate.  Filter  if  necessary.  Potassium  chromate  will  be 
obtained  on  crystallising.  If  dichromate  is  desired,  add  some  sulphuric  acid, 
and  concentrate. 

2FeO,  CrjOg  +  4K2CO3  +  70  =  4K2Cr04  +  4C0a  +  Fe^O,. 
2K2Cr04  +  H2SO4  =  K2SO4  +  H2O  +  KJCrfiy. 

Commercially,  lime  is  used  as  the  alkali  and  atmospheric  oxygen  as  the 
oxidising  agent. 

146.  Ammonimn  molybdate»  5(NH4)2Mo04,7Mo03,2H20»  from  molyb- 
denite, M0S2  (Junius,  ZeU.  an.  Ch.,  46,  440 ;  Bontrager,  Chem,  News,  Feb.  2, 
1900). — Molybdenite,  ground  to  a  very  fine  powder,  is  roasted  in  a  basin  in  a 
muffle  furnace  (Fig.  5),  being  frequently  stirred  to  ensure  oxidation. 

2M0S2  +  5O2 = 4SO2  +  2M0O8. 

(The  process  is  more  quickly  carried  out  in  a  combustion  tube  through 
which  a  stream  of  air  is  drawn  by  the  filter  pump.)  The  molybdic  anhydride 
is  a  pale  yellow  crystalline  substance.  It  is  dissolved  in  ammonia,  any 
unoxidised  sulphide  is  dried  and  again  roasted,  till  completely  soluble  (except 
for  gangue).  The  solution  is  freed  from  other  metals  by  adding  a  few  drops 
of  ammonium  sulphide  and  leaving  overnight.  Filter,  evaporate  till  saturated 
and  add  some  alcohol.     Set  aside  to  crystallise.     The  product  is  air-dried. 

Note  the  greater  ease  with  which  di-,  tri-  etc.,  salts  are  formed  as  we  pass 
along  the  group  from  sulphur  to  chromium  and  molybdenum. 

147.  Tongstic  anhydride*  WO3,  from  wolfram,  (FeMn)WO^.—Very  finely 
powdered  wolfram  is  heated  gently  with  4  vols,  of  strong  hydrochloric  acid 
and  1  vol.  of  strong  nitric  acid.     Yellow  tungstic  acid  is  left. 

Wash  by  decantation,  dissolve  in  ammonia,  filter,  and  evaporate  to 
crystallisation.  Heat  the  dried  crystals  of  ammonium  tungstatc  very  strongly 
in  the  air.     Pure  WOj-is  left. 

148.  Vanadimn  compounds  from  yanadinite,  Pb5(V04)3Gl.— Warm  the 
very  finely  powdered  mineral  with  strong  hydrochloric  acid  and  alcohol. 
The  vanadate  is  thereby  reduced  to  V2O4,  which  forms  blue  "  divanadyl '* 
salts,  e.g,  (^2^2)^4-  Cool,  filter  off  the  lead  chloride  and  wash  with  alcohol. 
Evaporate  the  blue  divanadyl  chloride  till  free  from  excess  of  hydrochloric 
acid,  add  excess  of  caustic  soda  solution  and  pass  in  chlorine.  Oxidation  to 
vanadate  (VjOj)  is  thereby  effected.  On  adding  solid  ammonium  chloride, 
sparingly  soluble  NH4VO3  (meta-vanadate)  is  formed. 

(See  also  Roscoe,  Ph,  Tr.,  1868,  i,  1869,  679.  Hildebrand  and  Ransome, 
Afner.J.ofSc.yX,  138.) 

149.  Beryllium  (Glnoinmn)  salts  from  beryl,  8BeO,Al203,6Si02  (Gibson, 
J.C.S.,  1898,  909). — The  silica  is  got  rid  of  as  SiF4  by  treatment  with  hydro- 
fluoric acid. 

50  gms.  of  finely  powdered  beryl  are  mixed  in  an  iron  basin  with  3(X)  gms. 
(excess)  of  ammonium  "  bifluoride  "  (NH4F,  HF)  and  3(X)  c.cs.  of  water  and 
heated  on  a  sand-bath.  Silicon  tetrafluoride  is  evolved.  Heat  to  dryness 
(no  more  steam  evolved),  cool,  grind  up  with  a  wooden  pestle,  and  heat 
again  till  no  more  steam  comes  off.  Extract  with  several  portions  of  hot 
water,  decanting  each  through  a  filter.     Beryllium  fluoride  dissolves,  alumi- 
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nium  fluoride  does  not.  Evaporate,  filtrate  dry  in  a  platinum  basin,  mix  the 
residue  with  30  gms.  of  strong  sulphuric  acid,  evaporate  again,  and  dissolve 
the  beryllium  sulphate  in  water.  Pour  it  slowly,  with  constant  stirring,  into 
600  CCS.  of  25%  ammonium  carbonate.  This  precipitates  any  residual 
aluminium.  Dilute  to  1200  c.cs.,  add  a  few  c.cs.  of  ammonium  sulphide 
(to  precipitate  iron  as  sulphide),  filter  and  evaporate  to  600  c.cs.  Beryllium 
hydroxide  is  thereby  precipitated,  and  a  further  quantity  is  obtained  by 
evaporating  again.     Wash  and  dissolve  in  the  required  acid. 

150.  Liihimn  salts  from  lepidolite»  petalite  or  spodmnen  (Lieb.  Ann., 
169,  82). — These  minerals  are  silicates  of  the  febpar  and  mica  type  in  which 
the  sodium  and  potassium  are  partly  replaced  by  lithium. 

100  gras;  of  the  finely  poiodered  mineral  are  mixed  intimately  with  100  gms. 
of  ammonium  chloride  and  200  gms.  of  marble  and  heated,  gently  for  half  an 
hour,  then  very  strongly  for  one  hour.  Pewder  and  extract  repeatedly  with 
boiling  water  and  evaporate  the  extracts  to  one-eighth  of  their  volume. 

Now  render  the  liquid  alkaline  with  ammonia  and  precipitate  at  the  boil 
with  ammonium  carbonate.  Filter.  The  precipitate  contains  all  calcium 
carbonate  and  a  little  lithium.  Dissolve  in  acetic  acid,  precipitate  with 
oxalic  acid,  allow  to  settle,  syphon  ofl  the  liquid  and  add  it  to  the  filtrate 
from  the  calcium  carbonate.  The  lithium  precipitated  with  the  calcium  is 
thus  recovered. 

Evaporate  dry,  expel  ammonium  salts  by  heat,  moisten  the  cold  residue 
with  strong  hydrochloric  acid  and  dry  again.  The  lithium  chloride  is  extracted 
from  this  (best  in  a  Soxhlet  apparatus)  by  absolute  alcohol,  the  alcohol  evapor- 
ated off,  the  residue  dissolved  in  water  and  lithium  carbonate  precipitated  by 
addition  of  anmionia  and  ammonium  carbonate.  Wash  with  ammonia,  dry 
and  dissolve  in  requbed  acid. 

A  simpler  process  is  to  fuse  the  mineral  and  pour  it  into  water.  It  is  thus 
rendered  attackable  by  hydrochloric  acid,  with  which  the  finely  powdered 
product  is  repeatedly  extracted.  The  united  filtrates  are  evaporated  dry 
and  the  lithium  chloride  extracted  with  alcohol  as  ^bove. 
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CHAPTER  IX. 

ELECTBOLTnC  PREPARATIONS. 

Very  many  substances  are  now  prepared  electrolytically.  A  few  of  the 
most  important  only  are  given  here.  For  further  particulars  the  student 
is  referred  to  Practical  Methods  of  Electro-Chemistry,  F.  M.  Perkin.  (Long- 
mans.) 

The  important  point  in  electrolytic  preparations  is  the  correct  current 
density,  generally  calculated  as  amperes  per  square  decimetre  of  electrode. 

151.  Potassium  chlorate,  KGIO3. — Electrolyse  a  saturated  solution  of 
potassium  chloride  in  a  large  beaker  or  a  platinum  basin.  The  anode  must 
be  platinum,  the  kathode  may  be  nickel  or  carbon. 

A  litde  potassium  dichromate  prevents  kathodic  reduction. 
Conditions  :    E.M.F.,  5  volts. 

Current  density,  18-20  amps,  per  sq.  dec.  of  anode. 

Temperature,  50°-60°. 
After  some  time  the  salt  should  commence  to  crystallise  out.     Wash  once 
with  ice- water  and  recrystallise. 

For  literature  seeJahrbuch,  1898,  p.  186  ;  1899,  p.  198. 

152.  Potassium  perchlorate,  KGIO4. — A  cold  saturated  solution  of  potas- 
sium chlorate  is  acidified  with  a  few  drops  of  dilute  sulphuric  acid,  and  a 
wire-gauze  bag  of  the  crystals  hung  at  the  top  of  the  vessel  to  keep  the  solution 
saturated.     Electrolyse  under  following  conditions  : 

Temp.,  Below  20°  (arrange  to  cool  if  necessary). 

Current  density,  10  amps,  per  sq.  dec.  of  anode. 

E.M.F.,  10-15  volts. 
After  some  time  the  crystals  are  rapidly  deposited. 
Potassium  perbromate,  KBr04,  is  similarly  obtained  from  the  bromate. 

153.  Potassium  permanganate,  Klln04.— Electrolyse  a  40%  potassium 
carbonate  solution  with  an  anode  of  ferro-manganese,  and  an  iron  (or  other 
cathode).  The  solution  is  decanted  from  the  ferric  hydrate  formed  at  the 
anode.  The  permanganate  crystallises  after  some  time.  Potassium  chromate 
is  similarly  obtained  by  the  use  of  a  ferro-chrome  anode. 

154.  Potassium  persulphate,  EsSjOg. — Electrolyse  a  saturated  solution  of 
potassium  bisulphate,  employing  a  very  small  anode  (about  2  mm.  of  thin 
platinum  wire  projecting  from  a  glass  tube).  Current  strength,  1  ampere, 
thus  getting  a  very  high  current  density.  The  anode  solution  should  be  kept 
separate  by  surrounding  the  anode  with  an  open  glass  tube  as  shown,  reaching 
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nearly  to  the  bottom  of  the  vessel.    The  whole  must  be  cooled  with  ice. 
(See  Pig.  24.) 

Ammonium  persulphate  is  made  similarly. 


FIO.  25. 

Reaction:  2HSO4' =  H2S2O8.  Hence  use  of  small  anode,  so  that  the 
ions  can  come  into  contact. 

(For  tests,  etc.,  see  p.  144). 

Percarbonates  and  perborates  are  also  known  and  are  prepared  similarly. 
(See  Compt.  Rend,,  189, 711 ;  149, 606 ;  Ohem.  Cent.,  1905  (ii)  99.  Also  various 
years  of  Ann.  Rep.  Ch.  Soc.  since  1905.) 
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CHAPTER  X. 

SOME  SULPHUB  COMPOUNDS. 

Besides  sulphur  compounds  and  salts  already  described  amongst  general 
methods,  there  are  a  few  important  ones  prepared  by  other  methods,  and 
also  some  important  oxyacids  of  aulphur  and  a  large  class  of  "  thio  '*  salts 
which  contain  sulphur  instead  of  oxygen,  e,g,  thio-carbonate,  K2CS3'; 
thio-antimonate,  Na3SbS4,  etc. 

A.    SULPHIDES. 

Those  of  commercial  importance  (as  pigments)  are  "  cadmium  yellow," 
CdS ;  vermilion,  HgS  (used  instead  of  the  expensive  iodide) ;  mosaic  gold, 
SnSs  (used  for  ''  bronze  paint  ").    Also  cuprous  and  ferrous  sulphides. 

General  methods  are : 

(1)  Direct  synthesis. 

(2)  Double  decomposition  (hydrogen  sulphide  and  a  metallic  salt). 

Examples. 
(1)  Direct  Synthesis. 

155.  Cuprons  sulphide,  CusS. — Copper  turnings  and  excess  of  sulphur  are 
heated  in  a  crucible  in  a  reducing  atmosphere  (hydrogen  or  coal-gas).  For 
a  small  scale  experiment  a  Rose  crucible  (see  p.  195)  is  excellent.  Heating  is 
continued  till  no  more  sulphur  vapour  is  evolved. 

The  hydrogen  prevents  the  formation  of  cupric  sulphide  and  the  oxidation 
of  the  cuprous  sulphide. 

CU2S  is  a  black,  highly  crystalline  substance,  soluble  in  nitric  acid. 

Ferrous  sulphide  is  obtained  by  heating  iron  with  excess  of  sulphur,  but 
has  not  been  obtained  pure  ;  it  is  prepared  commercially. 

156.  Mercuric  sulphide,  HgS  (vermilion ;  artificial  cinnabar). — Mercury 
is  rubbed  thoroughly  in  a  large  mortar  with  excess  of  flowers  of  sulphur  and 
some  ammonium  sulphide. 

The  black  sulphide  is  obtained  (as  precipitated  by  HgS  from  a  mercuric 
salt).  The  product,  which  contains  unchanged  mercury  and  sulphur,  is 
treated  with  20  %  potash  and  kept  warm  (50®  on  the  steam  oven)  for  several 
weeks. 

The  black  variety  is  soluble  in  alkali  sulphide,  it  dissolves,  is  hydrolysed 
slowly  to  the  red  variety,  and  crystallises  out  again,  the  latter  being  insoluble 
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in  alkali  sulphide.  The  evaporated  water  must  be  replaced  from  time  to 
time,  and  the  mixture  well  stirred.  When  the  colour  is  quite  red,  wash  well 
by  decantation  and  boil  with  sodium  sulphite  to  remove  any  sulphur,  decant 
and  wash  with  boiling  water  and  dry  at  100°. 

157.  Stannic  sulphide,  SnS2  (Mosaic  gold). — Stannous  sulphide  is  prepared 
by  dissolving  10  gms.  of  tin  in  40  c.cs.  of  strong  hydrochloric  acid,  diluting 
to  400  c.cs.  and  saturating  with  HjS  at  about  80°.  Filter,  wash  with  water 
and  dry  at  100°.  Mix  thoroughly  with  half  its  weight  of  sulphur  and  about 
5  gms.  of  ammonium  chloride  and  put  into  a  small  flask.  Bury  it  in  a  sand- 
bath,  invert  a  small  beaker  over  the  mouth,  and  heat  carefully  till  no  more 
sulphur  or  ammonium  chloride  is  evolved.  The  product  is  obtained  as  dull 
golden  flakes. 

(2)  Double  Decomposition. 

158.  Cadmium  sulphide,  CdS  (Cadmium  yellow). — Cadmium  sulphate  is 
dissolved  in  water,  acidified  with  a  little  dilute  sulphuric  acid,  and  the  solution 
saturated  with  HjS.    Filter,  wash  with  H^S  solution  and  dry  at  100°. 

Other  sulphides  are  similarly  prepared. 

B.    SALTS  OP  THE  "  TmONIC  ''  ACIDS  (Debus,  J,C.S.,  1888,  p.  278). 

Salts  of  a  series  of  acids  as  follows  are  known,  being  prepared  by  Debus 
from  the  product  of  the  action  of  hydrogen  sulphide  on  sulphurous  acid. 

H2S2O4,  dithionic  acid. 
H2S30^,  tri-       „      „ 
H2S40g,  tetra-  •„      „ 
H2S50e,  penta-,,      „ 

Only  the  last-named  is  formed  in  any  quantity  by  the  above  reaction,  the 
others  being  prepared  by  special  reactions. 

Di-  and  tetra-thionates  are  the  only  ones  of  much  importance  to  the 
student. 

159.  Barium  dithionate,  BaS20e,  2H2O. — Very  finely  powdered  manganese 
dioxide  is  levigated,  and  the  coarser  portions  ground  up  again  till  the  whole 
readily  remains  suspended  in  water.  (Precipitated  Mn02  may  be  used  without 
any  preparation.) 

50  gms.  are  suspended  in  300  c.cs.  of  water  in  a  beaker,  cooled  with  ice, 
and  sulphur  dioxide  is  passed  in  till  no  more  dioxide  will  dissolve. 

(Cold)    Mn02  +  2S02=MnS20e. 
(Warm)  MnO,  +  SO2  =  MnS04. 

Filter,  add  hot,  strong  baryta  solution  till  just  alkaline,  pass  in  a  little 
CO2  to  remove  excess  of  baryta,  filter  from  manganese  hydroxide,  barium 
sulphate  and  barium  carbonate,  and  crystallise  on  a  water-bath. 

If  the  free  acid  is  required,  treat  a  solution  of  the  barium  salt  with  the 
exact  amount  of  cold  dilute  sulphuric  acid  and  filter.  '  Concentrate  in  vacuo. 

Reactions  :  Heat  deconiposes  dithionates 

BaSjOe-SOa  +  BaSO^. 
The  free  acid  readily  decomposes  similarly. 
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160.  Sodium  tetra-ihionate,  NyiA»  ^H^O  (Ber.,  1885,  p.  1871).— When 
«odium  thio-sulpbate  is  treated  with  iodine  the  following  reaction  occurs  : 

2NajS803  +  Ij  =  NajS^Oe  +  2NaI. 

The  former  is  insoluble,  the  latter  soluble  in  alcohol.  Hence  grind  sodium 
thiosulphate  (SH^O  !)  with  slightly  more  than  the  required  amount  of  iodine 
And  a  litde  water  till  a  homogeneous  brown  paste  is  obtained.  Shake  in  a 
£ask  with  alcohol,  stand  aside  for  several  hours,  filter  at  the  pump  and  wash 
^th  alcohol  tin  free  from  iodide.  RecrystaUise  by  dissolving  in  warm  water 
and  adding  alcohol  tUl  crystallisation  just  begins,  then  set  aside. 

Obtain  sodium  iodide  from  the  alcoholic  mother-liquor. 

SOME  OTHER  OXTACIDS  OF  SULPHUR. 

161.  Sodium  hs^KHnilphite,  IXtififi^. — Saturate  a  strong  solution  of 
sodium  bisulphite  with  sulphur  dioxide.  Reduce  with  rather  more  than  the 
required  quantity  of  zinc  dust  (which  has  been  analysed  for  its  zinc  contents). 
The  action  must  take  place  in  the  absence  of  air.  This  may  be  done  by 
putting  the  liquid  and  the  zinc  into  a  flask  fitted  with  a  two-holed  rubber 
stopper  carrjdng  two  tubes,  one  just  passing  through  the  cork,  the  other 
<iipping  into  the  liquid.  The  air  is  driven  out  by  passing  a  rapid  stream  of 
SOj  for  a  few  moments,  and  the  flask  is  then  closed  by  clips  to  rubber  tubing 
attached  to  the  two  tubes.  When  the  action  is  complete  (leave  overnight) 
treat  the  liquor  with  milk  of  lime,  allow  to  settle,  decant  the  clear  liquor,  and 
■add  salt  (solid)  to  it.  Cork  up  and  leave.  Na2S204,  2H2O  crystallises  out. 
Wash  with  acetone  and  dry  in  a  desiccator. 

The  salt  is  extensively  used  in  reducing  indigo  blue  to  indigo  white  in 
preparing  the  vat  of  dye. 

On  oxidation  (air  and  moisture)  it  forms  NajSsOg,  HgO,  sodium  "  meta- 
Jbisulphite,"  used  in  photography  as  a  preservative  for  developers. 

Zn  +  2NaHS04  +  H^SO,  =  NajS204  +  ZnSO,  +  2Rfi, 

162.  Sodium  ihio-8alphate»  Na2S203»  5H2O. — ^A  solution  of  normal  sodium 
sulphite  is  prepared  by  the  method  of  No.  60.  Some  excess  of  powdered  roll 
sulphur  (not  flowers)  is  added,  and  th^  whole  boiled  for  some  time  in  a  flask, 
replacing  evaporated  water  as  necessary. 

Reaction  :  Na^SOj  +  S  =  NagSgOa. 

Klter'and  crystallise,  seeding  with  a  fragment  of  the  solid. 

Sodium  sulphite  is  oxidisable  directly  to  sulphate,  but  if  supplied  with 
sulphur  instead  of  oxygen  it  takes  it  up.    Hence  the  name  thio-sulphate. 

Commercially  it  is  prepared  from  "  vat-waste  "  (calcium  sulphides)  by 
allowing  oxidation  to  take  place,  calcium  thio-sulphate  being  formed,  which 
is  decomposed  by  sodium  carbonate. 

C.    TmO  SALTS. 

In  which  oxygen  is  completely  replaced  by  sulphur.  Obtained  by  treating 
xnetallic  sulphides  (thio-bases)  with  non-metallic  sulphides  (thio-acids). 
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163.  Sodium  thio-antimoniate,  NasSbSi  (Schlippa's  salt). 

SNa^S .  (9HjO)  +  Sb^Sj  +  S,(t.c.  Sb^Sj)  =  2Na3SbS4  +  QH^O. 

Quantities  of  crystallised  sodium  sulphide,  powdered  stibnite  and  flowers 
of  sulpbui  in  proportions  demanded  by  the  equation  are  weighed  out  and 
boiled  well  in  a  basin  with  an  equal  weight  of  water  for  an  hour,  evaporated 
water  being  replaced  frequently.  Filter  whilst  hot,  wash  the  residue  with 
a  little  boiUng  water,  add  washings  to  filtrate,  and  cover  up  to  crystallise 
slowly.  Work  up  the  mother-liquor.  Dry  the  crystals  on  a  porous  plate 
and  keep  in  a  well-stoppered  bottle. 

By  the  action  of  dilute  sulphuric  acid  on  this  substance,  antimony  penta- 
sulphite,  Sb^5,  is  obtained.    Prepare  some  from  the  residual  liquor, 

164.  Potassium  ihio-oarbonate,  KgCSs — ^  solution  of  potassium^  sulphide, 
K^,  is  prepared  by  method  No.  60,  using  altogether  100  c.cs.  of  5% 
potash.  Shake  weU  for  some  time  with  4  c.cs.  of  carbon  disulphide. 
Warm  on  a  water-bath  with  reflux  condenser  for  an  hour.  Filter  and  set 
aside  to  crystallise. 

The  solution  is  used  as  a  reagent  for  nickel,  with  which  it  gives  a  dark 
brown  precipitate  in  the  presence  of  excess  of  ammonia.  (In  dilute  solution 
a  coloration  only.) 

Barium  tri-thio-carbonate  is  prepared  similarly  from  barium  sulphide 
(made  as  above)  and  carbon  disulphide.    It  crystallises  as  a  yellow  powder. 

165.  Potassium  ihio-cyanate»  ESCN. 

KCN+S=KSCN. 

Melt  some  potassium  cyanide  in  a  porcelain  basin,  remove  the  flame,  and 
add  slowly  half  the  weight  of  sulphur.  It  dissolves  with  some  deflagration. 
Allow  to  cool,  dissolve  in  hot  water,  filter  and  crystallise.  The  salt  is  very 
soluble,  and  considerable  evaporation  is  necessary.    RecrystaUise. 

166.  Ammonium  ttiio-cyanate,  NH^CNS. 

CS  J + 2NH3  =  NH4SCN  +  HjS. 

In  a  500  c.c.  strong  stoppered  bottle  mix  50  c.cs.  of  carbon  disulphide, 
120  c.cs.  of  alcohol,  115  c.cs.  of  880  ammonia  and  45  c.cs.  of  water.  Tie 
on  the  stopper  and  stand  in  a  warm  place  for  some  days,  shaking  occasionally^ 
When  the  carbon  disulphide  has  disappeared,  distil  off  200  c.cs.  of  the  liquid, 
filter  the  residue  whilst  hot,  and  evaporate  on  a  water-bath  till  crystals  form. 
Cool,  filter  at  pump,  wash  with  alcohol  and  recrystalHse  from  hot  water. 
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CHAPTER   XI. 

SOME  NTTBOOEN  COMPOUNDS. 

167.  Sodium  nitrite,  NaN02. — May  be  prepared  by  heating  sodium  nitrate 
strongly  till  no  more  oxygen  is  evolved.  If  a  reducing  agent  is  used,  the 
action  is  carried  out  more  quickly  and  easily.  Lead  is  usually  employed 
in  the  laboratory. 

NaNOa  +  Pb  =  PbO  +  NaNO,. 

Fuse  one  molecular  proportion  of  sodium  nitrate  in  an  iron  basin  (a  clean 
sand-tray)  and  add  gradually  an  atomic  proportion  of  lead. 

At  a  sufficiently  high  temperature  the  action  takes  place  with  deflagration 
and  evolution  of  fumes  (draught-cupboard).  Extract  the  cooled  and  powdered 
mass  repeatedly  with  boiling  water,  filter  and  pass  carbon  dioxide  through. 

Evaporate  to  crystallisation,  cool  and  pour  oft  from  the  small  quantity 
of  unchanged  nitrate ;  then  evaporate  to  dryness  and  extract  with  alcohol, 
in  which  the  nitrate  is  insoluble.  Distil  off  the  alcohol  and  recrystallise  the 
nitrite. 

Potassium  nitrite  may  be  similarly  prepared. 

168.  Hydroxylamine  sulphate,  (NH20H)2H2S04  (Tr.  C,S.  (1896),  p.  1665). 
— Nitrous  acid  and  sodium  bisulphite  react  thus  : 

HON  :  6  +  H  SOsNa  =  ^^^  +  ^^  *  NCSOaNa)^ 

lorming  oximido-sidphonate.     This  is  hydrolysed  at  90**  thus  : 
H0.N(S03Na),  +  2H2O = HONH^  -h  2NaHS04. 

Dissolve  one  molecular  proportion  each  of  sodium  nitrite  and  sodium 
carbonate  in  the  minimum  of  cold  water  and  cool  in  ice  and  salt ;  pass  in 
sulphur  dioxide  till  acid.  Now  add  a  few  drops  of  sulphuric  acid  and  keep 
at  90°  for  about  48  hours.  The  change  is  complete  when  a  test  portion  freed 
from  sulphate  by  excess  of  barium  chloride  and  filtered  gives  no  further 
precipitate  on  boiling. 

Neutralise  with  sodium  carbonate,  evaporate  somewhat  and  cool  in  ice 
and  brine.  Sodium  sulphate  crystallises.  Filter  and  evaporate  till  on  cooling 
a  good  yield  of  crystals  is  obtained.  Treat  the  mother-liquor  as  before  for  a 
second  crop.     Recrystallise  the  whole. 

Hydroxylamine  is  a  strong  reducing  agent.  Try  the  action  of  it  on  salts 
of  mercury,  copper,  etc.,  in  both  acid  and  alkaline  solution. 
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It  possesses  one  oxidising  action,  viz.,  ferrous  hydrate  in  alkaline  solution 
is  oxidised  to  ferric  hydrate. 

NH^OH  +  2Fe(OH)2  +  H^O  =  2Fe(OH)3  +  NH3. 

In  acid  solution,  however,  ferric  salts  are  reduced. 

169.  Hydrasine  sulphate  (N2H4)2H2S04  (Raschig,  German  paterU,  198307).— 
This  method  depends  on  the  formation  of  monochloramine  when  anmionia 
is  treated  with  a  hypochlorite, 

NH,  +  NaaO  =  NaOH  +  HNjCl, 

and  its  reaction  with  more  ammonia, 

NH^a  +  NH3  =  (N2H4)Ha. 

The  oxidation  of  ammonia  by  the  hypochlorite  to  nitrogen  and  water  is 
retarded  by  the  addition  of  glue. 

The  sodium  hypochlorite  is  prepared  by  passing  chlorine  into  caustic  soda 
solution  (1  part  of  soda  in  2  parts  of  water)  cooled  with  ice.  Excess  of  chlorine 
must  be  avoided.  The  solution  thus  prepared  is  added  to  a  considerable 
excess  of  ammonia  solution  of  S.G.  0*94  with  which  1-2  c.cs.  of  liquid  glue  have 
been  thoroughly  mixed.  (Use  about  ten  times  the  calculated  quantity  of 
ammonia ;  the  above  solution  contains  16  %  NH3  approximately.)  The 
solution  is  heated  rapidly  to  boiling  in  a  large  flask  in  the  draught-cupboard. 
Remove  the  burner  if  the  mixture  threatens  to  froth  over.  Evaporate  till 
the  smell  of  ammonia  disappears  and  the  solution  is  about  one-third  of  its 
original  volume.  Filter  (if  necessary)  whilst  hot,  cool,  add  10  c.cs.  of  strong 
sulphuric  acid  for  every  100  c.cs.  of  solution,  and  cool  with  ice.  Filter  off  the 
crystals  at  the  pump.  Recrystallise  from  the  minimum  of  boiling  water, 
cooling,  adding  strong  sulphuric,  and  ice-cooling  as  before.  Finally  wash 
with  alcohol,  ether  and  dry  on  a  filter-paper. 

Hydrazine  is  a  powerful  reducing  agent.  Try  its  action  on  solutions  of 
copper,  silver,  mercury,  gold,  ferric  salts. 

An  alternative  but  less  convenient  preparation  is  as  follows :  (B.2B,  2374) 

HCN  +  2KHSO3  =  H(NH2)C(S0sK)j  (Amino-methane-disulphonate). 

On  acidifying,  the  acid  salt 

H(NH,)C(S03H)(S03K) 

is  obtained,  which  by  treatment  with  potassium  nitrite  reacts  thus  ; 

Nv 
H(NH3)C(S03H)(S03K)  +  KNOj «  2H^0  +  ||  ^0(803X^2 

diazo-methane  disulphonate. 

This  adds  on  sulphurous  acid  at  the  double  bond,  giving 

I  >CvS03K)2. 
HS03-N^ 
which  on  hydrolysis  forms  (N2H4)  +  CO3  +  2SO2  +  H2SO4. 

Dissolve  75  gms.  of  potash  in  300  c.cs.  of  water.  Saturate  with  sulphur 
dioxide.     Gradually  add  to  the  product  50  gms.  of  powdered  potassium 
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cyanide  with  constant  shaking.  When  dissolved  heat  on  the  water-bath, 
and  keep  the  reaction  acid  by  continually  adding  small  quantities  of  hydro- 
chloric acid  till  no  more  is  required  upon  further  heating.  Then  add  150  c.cs. 
of  strong  hydrochloric  acid  and  cool  in  ice.  Filter  off  the  amino  compound, 
wash  with  a  little  ice-water,  and  grind  to  a  paste  with  water.  Add  a  solution 
of  10  gms.  of  potassium  nitrite  in  6  c.cs.  of  water.  Keep  the  temperature  at 
45*^  till  all  has  dissolved,  render  alkaline  with  potash  and  cool.  Filter  off  the 
diazo-body  and  dry  between  filter-paper  under  pressure.  Treat  it  with  its 
own  weight  of  crystallised  sodium  sulphite  in  twice  its  weight  of  water. 
When  dissolved  render  alkaline  with  caustic  soda,  warm  gently  for  a  time, 
and  then  hydrolyse  the  product  by  adding  a  considerable  volume  of  20  % 
sulphuric  acid  and  setting  aside.  When  no  more  sulphur  dioxide  is  evolved, 
filter  and  cool  on  ice.  Filter  off  the  hydrazine  sulphate,  evaporate  the 
liquor  for  a  further  crop,  and  recrystallise  the  whole  from  dilute  sulphuric 
acid  as  before. 

Hydrazine  may  also  be  prepared  from  organic  sources. 

170.  Ammonium  carbamate,  liH4  •  CO  •  NHj. — ^Dry  ammonia  gas  and  dry 
carbon  dioxide  are  passed  simultaneously  into  absolute  alcohol  (or  methylated 
spirit  that  has  been  distilled  from  quick-lime).  Wide  delivery  tubes  should 
be  used,  or  the  crystalline  product  will  stop  them  up.  Approximately  two 
volumes  of  ammonia  and  one  of  carbon  dioxide  should  be  used,  and  the 
vessel  should  be  cooled  with  water. 


^0    NH3        /NH3 
^0    NH3        ^ONH^ 


< 


After  a  short  time  a  thick  mass  of  small  crystals  is  formed.  Filter  at  the 
pump  and  dry  in  the  air. 

Commercial  ammonium  carbonate  is  a  mixture  of  bicarbonate  and  car- 
bamate. When  the  carbamate  is  dissolved  in  water  and  heated  it  is  hydrolysed 
to  the  carbonate. 

NH4CONH2  +  HjO  =  (NH4)2C03. 

Reactions:  (1)  Calcium  carbamate  is  soluble  in  water.  Hence  add  calcium 
chloride  solution  to  the  carbamate.  Filter  off  any  calcium  carbonate  and  heat 
the  filtrate.  Calcium  carbonate  is  formed  by  hydrolysis  of  the  carbamate, 
and  is  precipitated. 

(2)  Bromine  water  oxidises  it,  with  production  of  nitrogen. 

(3)  Nitrous  acid  reacts  with  it,  producing  nitrogen. 

/NH.  +  0:N.OH  oH 

CO  -  C(  0        +Nj  +  H.O. 

\ONH,  ONH, 
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CHAPTER  XII. 

OOLLOmS. 

For  a  summary  of  the  properties  of  colloids  see  Friend's  Text-book  of 
Inorganic  Chemistry  (GriflSn),  Vol.  I.,  pp.  78-86,  3rd.  ed. 

PREPARATION  OF  COLLOIDAL  SOLUnONB. 

A.    ACIDS,  BASES,  SALTS. 

171.  Silicio  acid  hydiosol  (Kiihn).— A  3%  solution  of  water-glass  is 
poured  into  rather  more  hydrochloric  acid  of  density  1*1  than  is  required  to 
react  with  it.  The  slight  excess  of  acid  is  neutralised  by  the  further  careful 
addition  of  water-glass.  The  product  may  be  purified  by  either  of  the  fol- 
lowing methods : 

(a)  Dialyse  it  (best  by  a  sausage-skin  dialyser,  which  offers  a  large  surface, 
or  else  by  making  a  bag  of  parchment  paper  tied  round  a  bottle  neck). 

The  dialyser  is  hung  in  a  large  vessel  of  water,  the  solution  poured  into  it, 
and  water  is  slowly  run  through  the  vessel  till  the  runnings  no  longer  react 
with  silver  nitrate.    Concentrate  to  6  %  silicic  acid. 

(6)  Warm  to  25®  when  gel-formation  takes  place.  Wash  free  from  salt 
on  a  cotton  filter,  and  boil  for  12  hours  with  pure  water,  when  only  a  small 
residue  will  be  left.  Allow  to  settle,  decant  and  concentrate  to  6  %  silicic 
acid. 

172.  Ferric  hsrdroiide  hydrosoL — Boil  a  3  %  solution  of  ferric  chloride  for 
some  time.    Dialyse  the  deep-brown  liquid  till  free  from  HCl. 

173.  Tungstic  add  hsrdicsol. — ^Add  a  5  %  solution  of  sodium  tungstate  to 
exactly  the  right  quantity  of  dilute  hydrochloric  acid.  Dialyse  till  free  from 
acid.  This  sol  is  very  stable  and  may  be  evaporated  to  dryness  (care  not 
to  overheat !)  and  redissolved  to  a  hydrosol. 

174.  Arsenioiui  sulphide  liydrosoL — Shake  arsenious  oxide  with  distilled 
water.  Filter.  Pass  hydrogen  sulphide.  Filter  if  necessary  and  remove 
excess  of  H^S  by  a  stream  of  pure  C02-free  air. 

B.    METALS  BY  REDUCTION. 

175.  Gold  hydroiol  (Zsigmondy).— *06  gms.  of  HAuCl,  in  100  c.cs.  of  water 
is  treated  with  3  c.cs.  of  N .  K^CO,  and  just  raised  to  the  boil.    Remove  the 
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flame  and  quickly  add  dropunse  4  c.cs.  of  1  %  formaldehyde,  stirring  vigor- 
ously all  the  time. 

Differently  coloured  sols  may  be  obtained  by  using  other  reducing  agents  as 
hydrazine  hydrate,  hydroxylamine,  hypophosphorous  acid,  etc. 

176.  Silver  hydrosol  ("  Argyrol,"  etc.). — Dilute  silver  nitrate  solution  is 
reduced  by  a  cold  15  %  solution  of  ferrous  sulphate  and  40  %  sodium  citrate 
solution.  The  blue  ppt.  is  washed,  filtered  off  and  on  treatment  with  water 
it  gives  a  blue  hydrosol. 

Very  dilute  hydrazine,  etc.,  may  also  be  used  as  the  reducing  agent. 

C.    ELECTRICAL  METHODS  (BREDIG). 

177.  PUtinum  hsrdiosoL — An  arc  is  struck  under  water  in  a  porcelain 
basin  between  two  stout  platinum  wires.  Current  7-10  amps,  at  50-70  volts. 
Filter  off  the  coarser  particles.  A  brown  solution  is  obtained  which  is  a  very 
active  catalyst. 

Other  metallic  sols  may  be  similarly  obtained.  Some  metals  give  better 
results  if  a  trace  of  alkali  be  added  to  the  water. 

178.  DlustratiGiis  of  general  properties  of  sols. 

(a)  The  Brawnian  movement, — Examine  a  drop  of  AsgSj  (etc.)  hydrosol 
under  a  microscope  (^  in.  objective).  Note  the  jumping  movements  of  the 
particles  (which  must  be  smaller  than  '003  mm.  to  show  the  movement). 

(6)  Gd  formation. — To  some  AsjSj  hydrosol  add  a  few  drops  of  any  elec- 
trolyte, e.g,  HCl  solution.    Note  the  coagulation. 

(c)  Cataphoresi^. — ^Place  some  As^Sj  hydrosol  in  a  V-shaped  tube  about 
20  cms.  long,  and  pass  an  electric  current  at  60  volts  between  platinum 
electrodes.  Note  the  movement  of  the  sol  to  the  anode,  showing  it  to  be 
negatively  charged. 

Repeat  with  ferric  hydroxide  sol  or  a  bismuth  sol  (Bredig's  preparation). 
The  disperse  phase  moves  to  the  kathode,  showing  it  to  be  positively  charged. 
(Picton  and  Linder.) 

(d)  Mutual  pptn,  of  two  sols, — If  a  positive  sol  is  added  to  a  negative  sol, 
they  mutually  discharge  and  ppt.  one  another.    Try  AsgSg  and  Fe(0H)3. 

(e)  Action  of  electrolytes. — It  is  found  that  the  gel  formation  of  sols  is 
caused  by  the  ion  of  opposite  charge  to  that  on  the  sol.  A  definite  amount 
of  this  ion  is  contained  in  the  gd  ppt.  as  might  be  expected. 

Try  AsgSj  and  a  little  BaClg  solution.  The  solution  becomes  acid  owing 
to  some  barium  ions  being  carried  down  by  the  gel.     (Picton  and  Linder.) 
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BOOK  IL 
QUALITATIVE  ANALYSIS  (INORGANIC). 

CHAPTER  I. 

INTBODTTCrnON  AND  THEORY. 

It  is  the  author's  firm  conviction  that  qualitative  analysis  is  the  best  method 
of  assimilating  the  facts  and  principles  of  inorganic  chemistry  ;  certainly  the 
chemistry  of  the  metals.  Owing,  however,  to  the  necessity  of  reducing  it  to 
a  strict  routine,  it  has  tended  to  become  mechanical.  The  use  of  "  tables  *' 
has,  of  course,  been  largely  responsible  for  this ;  nevertheless,  tables  have 
been  given  here,  for  tables  constructed  by  the  student  not  only  consume 
much  time  that  cannot  well  be  spared,  but  are  generally  not  altogether 
satisfactory. 

It  cannot  be  too  strongly  urged  upon  the  student,  however,  that  a  thorough 
imderstanding  of  the  principles  employed  is  absolutely  necessary ;  and  an 
attempt,  at  any  rate,  may  be  made  to  construct  a  given  table  from  a  con- 
sideration of  the  reactions  which  have  been  studied  and  are  to  be  used.  It 
should  also  be  remembered  that  the  object  of  learning  analysis  is  not,  from 
the  student's  point  of  view,  to.  be  able  to  "  spot ''  the  largest  number  of 
substances  in  the  shortest  time,  but  is  to  acquire  a  knowledge  of  inorganic 
chemistry.  Finally,  absolute  cleanliness  is  again  insisted  upon ;  an  untidy 
worker  is  never  so  hopelessly  confused  as  he  will  be  over  qualitative  analysis. 

Theoretical  considerations. — The  great  majority  of  inorganic  substances  are 
classed  as  acids,  bases  or  salts.  These  show  by  their  properties,  both  physical 
and  chemical,  that  they  are  composed  of  two  parts  called  radicals,  or  (in 
solution)  ions,  one  of  which  (the  metal  of  a  base  or  salt  and  the  hydrogen  of 
an  acid)  is  electro-positive,  and  the  other  (the  remainder  of  an  acid  or  salt 
and  the  hydroxyl  of  a  base)  electro-negative. 

A  given  acid  and  its  salts  show  certain  properties  in  common,  which  are 
attributable  to  the  presence  of  the  same  radical  in  them  all :  e.g.  (SO4)  in 
sulphuric  acid  and  sulphates  ;  (NO3)  in  nitric  acid  and  nitrates,  etc. 

Generally  speaking,  qualitative  analysis  consists  in  the  recognition  of 
these  radicals  ;  not  of  separate  dements.  This  is  accomplished  by  causing  the 
radicals  to  form  characteristic  compounds,  recognised  by  their  insolubility, 
colour,  or  both.     Thus  any  soluble  sulphate  forms  white  insoluble  barium 
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sulphate  when  barium  ions  (as  barium  chloride  solution)  are  added  to  it. 
The  substance  added  to  recognise  a  given  radical  is  called  the  reagent  for 
that  radical. 

Now  there  are  great  differences  in  solubility  even  amongst  "  insoluble  " 
substances.  No  substance  is  absolutely  insoluble  in  water,  and  hence  there 
is  a  limit  of  dilution  beyond  which  a  given  radical  cannot  be  detected  by  a 
given  reagent.  Thus  lead  chloride  is  appreciably  soluble  in  cold  water.  The 
dissolved  portion  is  ionised  thus  : 

PbCl2:^Pb"*  +  2a'. 

In  the  case  of  "  insoluble  "  substances,  the  solution  will  be  so  dilute  that 
practically  all  the  dissolved  substance  is  ionised.  If  now  we  increase  the 
concentration  of  either  of  the  ions,  the  reaction  will  proceed  from  right  to  left 
in  accordance  with  the  Mass  Law,  and  more  of  the  associated  substance  will 
be  produced.  As,  however,  the  solution  is  already  saturated  with  this 
substance,  addition  of  excess  of  one  of  the  ions  (i.e.  excess  of  the  reagent) 
will,  caeteris  paribus,  have  the  effect  of  making  the  substance  less  soluble  and 
the  reaction  more  delicate. 

Generally,  if  A^B'  +  C, 

and  if  a  is  the  concentration  (mols.  per  litre)  otA, 
»    ^     >>  »»  »  I)        >»  *'> 

»    ^     »>  »  »>  >>        >>  ^> 

b.c 
then  — ^  =  a  constant  (at  a  given  temperature). 

When  a  has  the  value  of  the  solubility  of  A,  the  solution  will  be  saturated ; 
if  a  >  solubility  of  A,  then  A  will  be  precipitated.  The  prodiict  6 .  c  is  called 
the  "  solubility  product."  Obviously  increase  of  6  or  c  (the  ions)  causes 
increase  in  a ;  hence  we  see  the  reason  for  a  precipitation  being  more  complete 
on  adding  excess  of  the  reagent.  The  reasoning  applies  equally  to  "  soluble  " 
substances.  If  hydrochloric  acid  be  added  to  a  saturated  salt  solution 
(i.e.  the  concentration  of  the  CI  ions  is  increased),  then  the  concentration  of 
the  associated  NaCl  is  increased,  and  some  is  precipitated.     (See  p.  52.) 

Many  reagents  give  similar  reactions  with  several  radicals,  and  hence 
several  tests  must  be  applied  to  distinguish  them ;  we  take  advantage  of 
this  fact,  however,  viz.  that  a  few  common  reagents  react  similarly  with 
certain  radicals  (especially  the  metals)  to  effect  a  preliminary  separation  of 
these  radicals  into  "  groups."  We  then  find  which  member  of  the  group  is 
present  by  other  tests.  These  tests,  being  made  in  solution,  are  called  "  wet  " 
tests. 

There  are,  however,  several  important  tests  carried  out  on  the  dry  sub- 
stance which  are  of  great  importance  and  interest  and  are  usually  performed 
first.     These  are : 

(1)  Action  of  heat  on  the  substance  (not  useful  with  mixtures). 

(2)  Reduction  to  metallic  oxide  or  metal  (if  possible),  either  on  a  "  charcoal 
stick  "  or  on  charcoal  with  the  mouth  blowpipe. 

(3)  Borax  bead  tests. 

(4)  Flame  tests. 
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(5)  Bansen's  '*  flash  "  tests,  in  whicb  a  film  of  the  metal  or  oxide  is 
deposited  on  a  white  glazed  basin  and  subjected  to  reactions. 

(These  five  are  largely  tests  for  the  positive  (metal)  radicals). 

(6)  Action  of  dilate  hydrochloric  acid  on  the  dry  substance, 

(7)  Action  of  strong  sulphuric  acid  on  the  dry  substance, 

are  obviously  for  the  purpose  of  obtaining  the  acid  (if  volatile)  or  its  decom- 
position products  (if  any),  and  thus  recognising  the  acid  radical. 

In  conducting  an  analysis  these  preliminary  tests,  or  such  of  them  as  are 
found  to  be  necessary,  are  performed  in  the  above  order.  The  results  are 
described  under  each  metal  or  acid,  and  should  be  tabulated  in  a  notebook 
by  the  student  for  his  own  use. 

The  method  of  carrying  out  each  test  is  now  described. 

1.  The  action  of  heat. — ^A  little  of  the  powdered  substance  is  heated  in  a 
small  bulb  blown  on  one  end  of  a  piece  of  hard  glass-tubing  about  60  x  5  mms. 
This  test  often  gives  an  idea  of  the  acid  and  sometimes  of  the  base.  Tabulated 
results  from  your  own  experiments  are  of  value,  as  reference  is  facilitated. 


E.g.  Observation. 

A  gas  is  evolved, 
(a)  Colourless. 

(1)  Turns  lime-water  milky. 

(2)  Re-kindles  a  glowing  splinter. 


Condttston. 


CO2  from  a  carbonate. 

O2  from  peroxides,  some  oxides, 

chlorates,  some  nitrates,  etc. 
Nitrates  or  nitrites  of  many 

metals. 


(6)  Coloured. 

Brown  (NO2),  etc. 

It  is  not  proposed  to  enter  into  detail  in  this  test*  as  most  of  the  reactions 
will  be  well  known  to  a  comparative  beginner,  and  others  can  be  found  in 
the  following  pages. 

2.  Reduction  by  charcoal. — A  shallow  hole  the  size  of  a  sixpence  is  scooped 
near  one  end  of  a  block  of  charcoal.    The  substance  is  placed  in  this  and 


Fig.  26. 

heated  in  the  reducing  flame  of  a  mouth  blowpipe.  This  flame  is  produced 
by  holding  the  blowpipe  nozzle  just  outside  the  luminous  flame  of  the  bunsen, 
and  blowing  gently.  It  should  be  a  pointed  luminous  flame,  and  the  substance 
should  be  heated  about  the  point  marked  X  in  the  figure. 

The  attachment  to  the  bunsen  may  be  used  if  preferred,  but  is  unnecessary. 
Many  compounds  are  thus  reduced  to  the  metal  or  to  the  oxide,  both  of  which 
are  often  characteristic. 

Should  difiiculty  be  experienced  in  obtaining  a  bead  of  metal  (indications 
of  tiny  beads  are  seen),  mix  the  powdered  substance  with  several  times  its 
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bulk  of  "  fusion  mixture  "  (NagCOg  +  K2CO3  in  molar  proportions:  lower 
melting  point  then  either  alone)  and  heat  again.  The  metal  is  thereby  con- 
verted to  its  carbonate,  which  by  loss  of  carbon  dioxide  leaves  the  oxide, 
which,  if  reducible,  is  then  reduced  to  metal. 

If  in  this  test  a  white  infusible  residue  is  obtained,  luminous  when  hot, 
a  drop  of  cobalt  nitrate  solution  is  put  on  it,  and  the  mass  heated  very  strongly 
in  the  oiddising  flame  (nozzle  in  flame,  blow  harder).     (Fig.  27.) 

Oxides  of  zinc,  aluminium  and  magnesium  form  characteristically  coloured 
masses  when  thus  treated. 

The  charcoal  stick  redaction  is  useful,  as  it  can  be  carried  out  with  a  minute 
quantity  of  the  substance. 

Melt  a  crystal  of  washing  soda  and  soak  in  the  liquid  a  large  round  match- 
stalk,  then  burn  it  in  the  bunsen  till  a  small  stick  of  charcoal  attached  to  a 
handle  is  left.  If  the  match  is  well  soaked  with  soda  the  charcoal  will  not 
ea^y  burn  away.     A  small  quantity  of  the  substance  is  now  made  into  a 

paste  with  a  little  of  the  molten 

soda,  carefully  taken  up  on  the  end 

of  the  charcoal  stick,  and  heated  in 

the    lower    reducing   flame    of    the 

bimsen   (see  Fig.  28),  finally  being 

cooled  of!  in  the  gas  at  the  base  of 

Fio.  27.  the  flame.     It  is  then  crushed  in  a 

small  agat«  or  glass  mortar,  and  the 

charcoal  washed  away  by  a  gentle  stream  of  water.    Any  metallic  beads  or 

particles  produced  can  then  be  examined  and  tested  by  the  usual  reactions. 

If  a  black  or  coloured  residue  is  left  on  the  charcoal  block,  apply  the 

3.  Borax  bead  test,  depending  on  the  colours  produced  when  compounds 
of  certain  metals  (most  of  those  whose  oxides  are  coloured)  are  fused  with 
borax. 

A  clean  platinum  wire  is  heated  and  dipped  into  borax  powder.  (A  loop 
may  be  made  on  the  end  of  the  wire  if  preferred,  by  bending  it  carefully 
round  a  piece  of  stout  wire  or  thin  glass  tubing).  The  borax  is  then  heated 
till  it  fuses  to  a  clear  bead.  A  mimite  quantity  of  the  substance  is  then 
taken  up  on  the  bead  and  fused  into  it  by  the  mouth  blowpipe  flame,  using 
both  oxidising  and  reducing  flames.  Allow  to  cool  and  note  the  colour  of  the 
bead  (see  under  each  metal).     Tabulate  results. 

N.B. — ^A  black  bead  means  that  too  much  of  the  substance  has  been  used. 

The  wire  is  cleaned  by  melting  the  bead,  detaching  it  by  a  gentle  jerk, 
fusing  another  portion  of  borax,  shaking  that  off,  and  heating  strongly  till 
the  sodium  flame  disappears. 

4.  Flame  tests. — A  little  of  the  substance,  moistened  with  dilute  hydro- 
chloric acid,  is  heated  on  a  platinum  wire  in  the  non-luminous  bimsen  flame. 
If  a  "  reducible  **  metal  (Pb,  Sb,  Bi,  Sb,  As,  Ag,  Cu,  Sn)  is  present,  an  asbestos 
thread  must  be  used,  as  the  metal  will  alloy  with  the  platinum  and  spoil  the 
wire. 

Only  voUuUe  compounds  of  the  metals  will  colour  the  flame.  The  chloride 
is  the  most  volatile  salt  as  a  rule.  Hence  moisten  the  substance  with  dilute 
hydrochloric  acid  first. 
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If  a  metal  spatula  carrying  a  pinch  of  ammonium  chloride  is  held  in  the 
flame  near  the  base,  and  the  platinum  wire  just  above  it,  the  flame  test  is 
readily  obtained,  for  ammonium  chloride  vapour  dissociates  into  anmionia 
and  hydrochloric  acid,  and  the  substance  is  therefore  heated  in  hydrochloric 
acid  gas. 

Metals  of  the  alkalis,  a^^aline  earths,  and  a  few  other  substances  impart 
characteristic  colours  to  the  flame.  The  spectrum  of  the  flame  may  be 
examined  (a  pocket  spectroscope  is  useful). 

5.  ••  Flash  "  tests. — The  air-holes  of  the  bunsen  (which  must  be  fitted 
with  a  draught  shield  as  shown)  are  regulated  till  the  tip  of  the  inner 
cone  just  becomes  luminous.  The 
structure  of  the  flame  is  shown  in 
Fig.  28. 

A  reducible  metallic  oxide  (or 
salt  which  is  reducible  by  the  flame 
gases)  held  on  an  asbestos  thread  at 
UR,  is  reduced  to  metal,  which  (if 
volatile)  burns  again  to  oxide  at  uo. 
A  film  of  a  volatile  metal  or  its 
oxide  can  therefore  be  deposited  on 
a  glazed  basin  full  of  cold  water  held 
at  UR  (just  above  the  asbestos)  or  at 
uo  respectively.  Reactions  can  be 
performed  with  these  films  by  chang- 
ing the  oxide  film  to  the  iodide  (by 
heating  with  hydriodic  acid ;  an 
asbestos  pad  attached  to  a  platinum 
wire  is  dipped  in  alcoholic  iodine 
solution,  ignited  and  the  flame 
allowed  to  play  on  the  film  ;  then 
heat  very  gently  to  drive  off  any  free 
iodine).  Hydrogen  sulphide  or  am- 
monium sulphide  vapour  can  be 
blown  on  to  this  iodide  film  (by  a 
small  reversed  wash-bottle),  and  the  sulphide  recognised. 

The  following  metals  give  films  of  metal  or  oxide  :  Bi,  Sb,  As  ;  Zn  and  Cd 
give  oxide  films  only. 

It  should  be  noted  that  this  is  a  very  useful  confirmatory  test  for  a  small - 
quantity  of  precipitate  obtained  in  the  course  of  analysis. 

Reactions  6  and  7,  with  hydrochloric  and  sulphuric  acids  respectively, 
are  performed  in  test-tubes.  About  as  much  substance  as  will  cover  a  sixpence 
is  placed  in  the  tube,  the  acid  added,  and  if  there  is  no  action,  gently  warmed. 


Fig.  28. 

uo.  Upper  oxidising  flame  ;  ur.  Upper  reducing  flame ; 
LO.  Hottest  part  aod  lower  oxidising  flame ; 
LR.  Lower  reducing  flame. 
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CHAPTER  II. 

DETECTION  AND  SEPARATION  OF  THE  POSITIVE  RADICAUt 

(RATIONS). 

Division  of  Metals  (Rations)  into  Groups. 

It  has  already  been  mentioned  that  several  common  reagents  react  simi- 
larly with  several  metals.  Advantage  is  taken  of  this  to  secure  a  preliminary 
separation.    The  groups  are  as  follows  : 

Group  I.  contains  those  metals  whose  chlorides  are  insoluble  (or  practically 
so)  in  dilute  acids.  They  may  therefore  be  precipitated  by  dUiUe  hydrochloric 
oca, 

(}roup  n.  contains  the  remaining  metals,  whose  chlorides  are  soluble, 
but  whose  sulphides  are  insoluble,  in  dilute  acids.  They  are  therefore  precipi- 
tated/rotn  04^  sdiUions  by  hydrogen  stdphide. 

Group  m.  contains  the  remaining  metals  whose  sulphides  are  soluble  in 
dilute  acids,  but  insoluble  in  water  or  alkaline  solutions ; ,  also  those  metals 
whose  sulphides  are  hydrolysed  into  hydrogen  sulphide  and  metal  hydroxide. 
They  are  therefore  precipitated  by  hydrogen  stdphidefrom  ammoniacal  solutions 
either  as  sulphide  or  hydroxide. 

Group  IV.  contains  the  remaining  metals  whose  sulphides  are  soluble  in 
water,  but  whose  carbonates  are  insoluble  in  ammonium  salts.  They  are 
therefore  precipitated  by  ammonium  carbonate  in  the  presence  of  ammonium 
chloride  and  ammonia. 

Group  V.  contains  the  remaining  metals,  which  are  not  precipitated  by  any 
of  the  above  reagents,  and  have  no  group  reagent  in  common. 

It  is  obvious  that  the  above  reagents  will  not  alwajrs  tell  us  what  metals 
are  present  in  the  substance  being  examined,  but  will  only  confine  us  to 
several  of  a  given  group.  To  complete  an  analysis,  confirmatory  tests  for 
each  metal  separately  are  necessary.  The  principal  reactions  of  each  metal 
will  now  be  studied ;  the  manner  of  appljdng  these  to  mixtures,  etc.,  will  be 
considered  later. 

The  principal  confirmatory  reagents  in  use,  besides  the  group  reagents, 
are  as  follows : 

Sodium  (or  potassium)  hydroxide. — This  ppts.  the  metallic  hydroxides 
(or  oxides)  which  are  generally  very  characteristic.  In  the  following  pages, 
wherever  potash  is  used,  soda  will  do  instead,  and  vice  versa,  unless  it  is 
specially  stated  otherwise. 

Ammonium  hydroxide. — This  generally  does  not  ppt.  the  hydroxide  simply, 
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the  reaction  often  being  complex,  but  still  characteristic.  In  the  case  of  the 
trivalent  metals,  however,  the  hydroxides  are  pptd. 

Sodium  {or  potassium)  carbonate  (not  ammonium). — The  carbonates  or 
basic  carbonates  are  not  nearly  so  characteristic  as  the  hydroxides,  many 
being  white. 

Sodium  phosphate. — ^A  similar  remark  to  the  foregoing  applies  to  this 
reagent,  many  of  the  phosphates  being  of  similar  appearance  (white). 

Potassium  chromate  ppts.  a  few  characteristic  chromates. 

Potassium  iodide  ppts.  a  few  characteristic  iodides. 

These  are  the  more  common  reagents ;  there  are,  in  addition,  a  large 
number  of  reagents  which  are  used  for  one  or  two  metals  only. 

The  solutions  of  all  reagents  should  be  of  known  strengths,  and  the  student 
should  endeavour  throughout  to  use  the  reagents  in  reasonably  accurate 
quantities.  If  reagents  of  unknown  strength  are  used  in  any  proportion, 
success  cannot  be  expected.  Always  employ  approximately  known  quantities 
of  substances  and  act  on  them  with  known  quantities  of  reagents.  Solutions 
are  made  containing  a  known  weight  of  the  reagent  per  litre.  A  solution 
containing  one  gram-equivalent  of  the  reagent  per  litre  is  called  a  normal 
solution.  Other  strengths  are  referred  to  as  multiples  or  sub-multiples  of 
this.  Thus  we  always  know  how  much  of  one  solution  to  take  to  react 
with  another. 

I.  Strong  Adds. — As  purchased,  these  are  approximately  : 

SJh^!°"'    -    S%     1      ^^«™g.!;    For  exact  strengths  co|«ult 
^.  .^.         _  -^  ^J  specific  gravity  tables  of  each  acid. 

The  following  dilutions  are  not  sufficiently  exact  for  quantitative  work, 
but  will  be  found  quite  accurate  enough  for  qualitative  reactions. 

II.  Dilute  Acids. 

Hydrochloric  -  4N,  1  vol.  strong  acid  :  1|  vols,  water. 

Sulphuric  -  4N,  1   „         „        „   :    9      „ 

Nitric       -  -  4N,  1  „         „        „    :   3      „ 

Acetic      -  -  4N,  1  „    glacial  acetic  acid  :  3 J  vols,  water. 

III.  Alkalis, 

Sodium  hydroxide,  4N. — Dissolve  1  lb.  in  2700  c.cs.  of  water.  Allow 
impurities  to  settle,  and  decant  into  a  clean  stock-bottle. 

Potassium  hydroxide,  4:N. — Dissolve  1  lb.  in  2000  c.cs.  of  water  and  treat 
as  above. 

Ammonium  hydroxide,  4N. — 1  vol.  880  ammonia  :  4  vols,  water. 

(*880  ammonia  contains  35  %  of  NH3.) 

IV.  Salts, 

Ammonium  chloride,  4N. — 214  gms.  per  litre  of  solution. 
Ammonium  carbonate,   4N. — 320  gms.   of  the  commercial  substance, 
175  c.cs.,  880  ammonia  ;  dilute  with  water  to  2  litres. 
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Sodium  carbonate,  2N. — 106  gms.  of  the  anhydrous  salt  per  litre  of 
solution. 

Sodium  hypochlorite,  2N. — Saturate  4N  caustic  soda  with  chlorine. 

Ammonium  sulphide. — Use  as  purchased.  It  is  about  10  normal ;  it 
decomposes  gradually,  losing  NHg  and  forming  (NH4)2Sx. 

The  following  are  all  normal.    A  litre  of  solution  contains  : 


Barium  chloride    - 

-    Badj,  2H2O       - 

122  gms. 

Sodium  phosphate 

-    Na^HPO^,  I2H2O        - 

120    „ 

Potassium  ferrocyanide 

-    K4Fe(CN)e,  3H2O        - 

106    „ 

♦Ferrous  sulphate  - 

-    FeSO^,  7H2O      -        - 

139    „ 

Lead  acetate 

-    Pb(C2H302)2, 3H,0     - 

190    „ 

Ammonium  oxalate 

-    (NH4)A04,H20         - 

71    „ 

Stannous  chloride  - 

-    SnClj,  2H2O 

113    „ 

Potassium  chromate 

-    K2Cr04       -    '  - 

194    „ 

fPotassium  dichromate   - 

-    KjjCrgO^      -        -        - 

49    „ 

Calcium  chloride   - 

-    CaQg,  6H2O 

110    „     . 

Ferric  chloride 

-    FeQs,  6H2O 

136    „ 

Sodium  thio-sulphate    - 

-    NaAOs,  5H2O  .        - 

248    „ 

Potassium  cyanide 

-    KCN  -        -        -        . 

66    „ 

A  litre  of  solution  contains  : 

Cobalt  nitrate 

-    CO(N03)2,  6H2O 

123  gms. 

Potassium  iodide  - 

-    KT     - 

83    „ 

*  „          thio-cyanate 

-    KCNS        -        -        - 

50    „ 

Copper  sulphate    - 

-    CUSO4, 5H2O      - 

63    „ 

JMercurous  nitrate  - 

-    Hg^lNOA-       -        - 

132    „ 

The  following  are  deci-normal. 

A  litre  of  solution  contains : 

Silver  nitrate 

-    AgNO,       -       -       - 

17  gms. 

fPotassium  permanganate 

-    KMnO*       - 

3-16  gms. 

Uranyl  acetate 

-    (UOj)(C,H30,),-,2H,0. 

21-28    „■ 

The  following  solutions  are  used  saturated  : 

Hydrogen  sulphide,  HjS.    (Will  not  keep.) 

Barium  hydroxide,  Ba(0H)2. — ^Used  as  suspension  in  saturated  solution, 
baryta  "  milk." 

Calcium  hydroxide,  Ca(0H)2. — Also  used  sometimes  as  "  milk  of  lime." 

Calcium  sulphate,  CaS04,  2H2O. — About  2*6  gms.  per  litre. 

Bromine  water. — About  36*6  gms.  per  litre. 

Ammonium  acetate. 

Sodium  hydrogen  tartrate. 

Sodium  picrate  (containing  some  sodium  carbonate). 

♦  To  prevent  oxidation  the  solution  must  be  made  in  air-free  water  containing  a  little 
sulphuric  acid,  and  the  bottle  well  stoppered. 

t  /.e.  with  reference  to  available  oxygen. 

X  Hydrolysed  by  water.     Dissolve  in  very  dilute  nitric  acid. 
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GROUP  I. 
Group  reagent,  HCl. 

SILVER,   LEAD,   MERCURY(-OUS)   [THALLIUM], 

SILVEB,  Ag= 107*88. 

Dry  Tests. 

On  charcoal  with  sodium  carbonate  in  the  reducing  flame  a  bead  of  silver 
is  easily  obtained  ;  no  incrustation.  The  bead  is  harder  than  lead,  malleable, 
but  does  not  mark  paper.     It  dissolves  in  dilute  nitric  acid  (difference  from  tin). 

A  similar  bead  is  obtained  on  the  charcoal  stick. 

Wet  Tests. 
Use  an  aqueous  solution  of  silver  nitrate. 

1.  Hd  or  soluble  chlorides  ppt.  white  curdy  silver  chloride,  AgCl,  in- 
soluble in  dilute  acids,  soluble  in  ammonia,  forming  AgNHjCl. 

2.  KOH  ppts.  dark  brown  silver  oxide,  Agfi  (the  hydroxide  is  unknown). 

3.  NH4OH  also  ppts.  AgjO,  easily  soluble  in  excess  of  the  reagent. 

4.  KJiitO^  ppts.  dark  red  silver  chromate,  Ag2Cr04,  soluble  in  dilute  acids. 
The  dichromate  ppts.  silver  dichromate  similar  in  appearance. 

5.  HgS  ppts.  black  silver  sulphide,  AgjS,  insoluble  in  ammonia  and  alkali 
sulphides,  but  easily  soluble  in  hot  dilute  nitric  acid. 

6.  Na2C03  ppts.  white  silver  carbonate,  Ag^COj,  becoming  yellow  on 
boiling,  owing  to  slight  decomposition  into  the  oxide  and  carbon  dioxide. 

7.  KCN  ppts.  white  AgCN,  insoluble  in  dilute  nitric  acid,  readily  soluble 
in  excess  of  the  reagent,  forming  K[Ag(CN)2],  and  in  ammonia. 

Other  silver  salts  will  be  found  under  various  acids.  They  are  not  used 
as  reactions  for  silver,  but  for  the  acids  in  question. 

LEAD,  Pb= 206*9. 

Most  lead  salts  are  those  of  the  oxide  PbO.  A  few  are  known  in  which 
Pb02  functions  as  a  basic  anhydride,  e,g,  "PhCi^  (p.  51).  Pb02  more  com- 
monly figures  as  an  acid  anhydride.  Calcium  plumbate  is  well  known  (p.  16), 
and  the  oxides  PbjO,  and  Pb804  are  to  be  regarded  as  the  lead  salts  of  plumbic 
acid,  owing  to  their  reaction  with  acids.     Thus  : 

PbaOa  +  2HN08  =  HjO  +  Pb(N08)2  +  PbO^. 

Cf .  PbCOa  +  2HN08  =  11^0  +  Pb(N03)  j  +  COj, 

and  PbjO^  +  4HNO3  =  2H2O  +  2Pb(N08)  +  PbO^. 

These  two  oxides  therefore  figure  respectively  as  : 

/Ox  /S>Pb  ,     . 

Pb(-0>Pb     lead  plumbate  and     P^<0>p,    ortho-pZnbate. 
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N.B, — ^With  hydrochloric  acid  both  yield  chlorine,  the  peroxide  liberated 
acting  at  once  as  an  oxidising  agent. 

PbOj  +  4Ha  =  2H2O  +  PbClj  +  CI4. 

Dry  Tests. 

On  charcoal  all  lead  compounds  readily  yield  a  bead  of  lead,  with  a  yeliotD 
incmstation  (p.  77) ;  some  require  to  be  mixed  with  fusion  mixture,  e,g. 
PbS,  PbClg-  The  charcoal  stick  also  readily  yields  a  bead.  The  lead  bead 
is  very  malleable  and  marks  paper.  Dilute  nitric  acid  is  the  proper  solvent 
for  lead.  Strong  nitric  acid  has  scarcely  any  action,  owing  to  the  insolubility 
of  the  nitrate  in  nitric  acid.  For  a  similar  reason,  strong  hydrochloric  and 
sulphuric  acids  scarcely  act  on  lead  in  the  cold,  but  when  heated,  the  protecting 
coat  of  chloride  or  sulphate  becomes  soluble  in  the  acid,  forming  PbHClj  and 
Pb(HS04)2. 

Wet  Tests. 

Use  a  solution  of  lead  nitrate  or  lead  acetate. 

1.  HCl  and  soluble  chlorides  ppt.  white  crystalline  lead  chloride,  PbClj, 
slightly  soluble  in  cold  water,  much  more  so  in  hot.  On  cooling  the  hot 
solution  it  is  pptd.  again  as  crystalline  needles. 

2.  HgS  ppts.  black  lead  sulphide,  PbS,  insoluble  in  very  dilute  acids  and 
in  alkalis.  From  hydrochloric  acid  solutions  the  ppt.  is  at  first  reddish, 
[PbS,  PbClJj  which  is  turned  black  by  more  hydrogen  sulphide  (c/.  mercuric 
salts).  The  pptn.  is  incomplete  if  the  solution  is  strongly  acid.  PbS  is 
soluble  in  hot  dilute  nitric  acid,  and  is  partly  converted  to  lead  sulphate 
if  excess  of  the  acid  is  used. 

3.  KOH  ppts.  white  lead  hydroxide,  Pb(0H)2,  soluble  in  excess  of  the 
reagent  to  form  potassium  plumbite  Pb(0K)2. 

4.  NH4OH  also  ppts.  the  hydroxide,  insoluble  in  the  reagent. 

5.  K^CtOi  ppts.  yellow  lead  chromate,  PbCr04,  insoluble  in  acetic,  soluble 
in  nitric  acid.  By  the  action  of  hot  dilute  alkalis  it  is  converted  in  a  red 
basic  salt  (p.  29). 

6.  Kfitfi^  also  ppts.  PbCr04.     If  lead  nitrate  is  used  the  reaction  is 

2Pb(N03)  a  +  KgCr^O,  +  H^O  =  2KNO3  +  2HN0,  +  2PbCr04, 

and  pptn.  is  therefore  incomplete  owing  to  the  solubility  of  the  chromate  in 
nitric  acid.  The  reaction  becomes  complete  if  excess  of  sodium  acetate  is 
added,  whereby  the  nitric  acid  is  replaced  by  acetic. 

7.  KI  ppts.  yellow  lead  iodide,  Pbig,  soluble  in  much  hot  water  to  a  cclour- 
less  solution.  On  cooling  this  slowly  the  iodide  is  deposited  in  fine  golden 
scales. 

8.  H2SO4  ppts.  white  lead  sulphate,  PbS04,  somewhat  soluble  in  dilute 
nitric  acid,  completely  in  hot  strong  hydrochloric.  It  is  much  less  soluble 
in  presence  of  excess  of  dilute  sulphuric  acid,  and  completely  insoluble  in  the 
presence  of  alcohol. 

9.  Na2HP04  ppts.  white  lead  phosphate,  insoluble  in  acetic  acid. 

10.  Na2C03  ppts.  basic  lead  carbonate.  The  normal  carbonate  is  formed 
by  using  NaHCOa- 
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MERCURT(OUS)  Hg= 200*0. 

The  two  oxides,  Hg,0  and  HgO  both  give  rise  to  salts,  those  of  the  former 
only  giving  a  ppt.  with  hydrochloric  acid.  Mercury  compounds  are  com- 
pletely volatile  on  being  heated  strongly,  unless  the  acid  is  non-volatile, 
in  which  case  this,  or  a  decomposition  product,  is  left.  (See  mercurous 
chromate.)  Nitric  acid  is  the  proper  solvent  for  mercury.  Hot  strong  nitric 
acid  yields  mercuric  nitrate,  cold  dilute  acid  yields  mercurous  nitrate,  especi* 
ally  if  the  mercury  is  kept  in  excess. 

Strong,    3Hg  +  SHNO,  =  aHgCNOa)^  +  2N0  +  4H,0. 

DUute,    6Hg  +  SHNOa  =  SHgglNOs)^  +  2N0  +  4H,0. 

Dry  Tests. 

All  mercury  compounds  yield  mercury  when  heated  with  sodium  carbonate 
or  lime. 

Mercurous  chloride  sublimes,  yielding  a  slightly  grey  sublimate,  owing 
to  the  decomposition  Hg^Cl^^Hg  +  HgCls  taking  place  to  a  slight  extent. 

Mercurous  nitrate,  carefully  heated,  yields  mercuric  oxide.  (See  prepara- 
tion of  HgO.) 

Wet  Tests. 

Use  a  solution  of  mercurous  nitrate  in  water  with  the  least  possible  amount 
of  dilute  nitric  acid  to  prevent  the  formation  of  a  basic  salt. 

1.  HCl  ppts.  calomel,  HggClj,  soluble  in  aqua  regia  or  hot  strong  nitric 
acid,  being  oxidised  to  mercuric  chloride.  Hot  strong  sulphuric  acid  converts 
it  to  mercuric  sulphate,  with  difficulty. 

HgjClg  +  3HjS04  =  2H2O  +  2Ha  +  SOj  +  2HgS04. 

Mercurous  chloride  is  blackened  by  ammonia,  forming  mercuric  amine 
chloride  and  mercury. 

NH 
HgjCI,  +  2NH3  =  NH4CI  +  Hg  *  +  Hg. 

'CI 

2.  KOH  ppts.  black  HgjO. 

3.  IIH4OH  ppts.  (from  the  nitrate)  a  black  compound 

/Hg-NH, 

0<  +2Hg, 

\Hg-NO3 

which  on  boiling  with  dilute  HCl  dissolves,  leaving  the  mercury. 

4.  H^  ppts.  black  raercurtc  sulphide  and  mercury. 

Hg,(NO,), + H^  =  HgS  +  Hg  +  2HN0,. 

5.  KtCr04  ppts.  a  brown  basic  chromate,  which  on  boiling  changes  to 
fiery  red  normal  chromate. 

3K,Cr04  +  4Hg,(N0,),  +  HjO = 6KN0 ,  +  2HN0, + SHg^CrO^,  HgjO, 
3Hg,Cr04,  Hg,0  +  2HNOs  =  3HggCr04  +  HjO  +  Hgj(NO,)j. 
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6.  KI  ppts.  green  Hgsit,  soluble  in  excess  with  separation  of  mercury. 

Hgj2  +  2KI  =  K,HgI,  +  Hg. 

7.  SnCls  ppts.  grey  metallic  mercury. 

Hg2(N0s)j  +  SnClj  +  2Ha = 2HNO3  +  Sna4  +  2Hg. 

8.  Coin;ier(foil)  ppts.  mercury  as  a  grey  deposit  on  the  copper.  When 
rubbed  it  becomes  bright. 

GROUP  n. 
Group  reagent  H2S  in  presence  of  dilute  HCl. 

Mercxtry(ic)  Lead,  Copper,  Bismuth,  Cadmium  (Thallium).    Sulphides 

INSOLUBLE  IN  AmMONIUM  SuLPHIDE.      (GrOUP  II.  A.) 

Arsenic,  Antimony,  Tin  (Gold,  Platinum,  Vanadium,  Molybdenum, 
Tungsten).  Sulphides  soluble  in  Ammonium  Sulphide.  (Group 
II.  b.) 

MEBCURT(IC). 

Dry  Tests. 

Mercuric  salts  of  volatile  acids  are  completely  volatile  when  heated,  with 
or  without  decomposition.  Those  containing  oxygen  decompose,  so  does 
the  cyanide.  Mercuric  sulphide  gives  a  black  sublimate ;  mercuric  iodide 
gives  a  yellow  sublimate,  which  slowly  returns  to  the  red  form  ;  it  turns  at 
once  when  rubbed. 

Wet  Tests. 

Use  a  solution  of  mercuric  chloride,  HgClg,  in  water,  or  of  mercuric  nitrate 
in  water  with  the  minimum  of  nitric  acid. 

Mercuric  nitrate  and  sulphate  are,  like  the  mercUrous  salts,  partly  hydro- 
lysed  by  water,  giving  basic  insoluble  salts.  Mercuric  cyanide,  owing  to 
its  solution  being  practically  non-ionised,  gives  reaction  1  only. 

1.  HgS  ppts.  black  HgS  from  acid  solutions.  The  pptn.  is  very  character- 
istic ;  white  at  first,  it  turns  yellow,  brown,  and  finally  black.  The  white 
ppt.  is  HggSgClg  (i.e.  2HgS,  HgClj)  which  with  more  hydrogen  sulphide  is 
converted  into  HgS. 

Mercuric  sulphide  is  insoluble  in  boiling  dilute  acid.  Hot  Strong  nitric 
acid  converts  it  into  white  Hg3S2(N03)2.  The  correct  solvent  is  aqua  regia, 
which  converts  it  into  the  chloride  with  separation  of  sulphur.  Alkalis  do 
not  act  on  mercuric  sulphide,  nor  does  ammonium  sulphide,  but  sodium  (or 
potassium)  sulphide  readily  dissolves  it. 

HgS  +  K2S  =  Hg(SK)2, 

which  is  hydrolysed  by  water.    Under  suitable  conditions  the  red  variety  is 
thus  pptd.    (See  preparation.) 
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2.  KOH  ppts.  ydhw  amorphous  oxide,  HgO.    The  hydroxide  is  unknown. 

3.  NH4OH  produces  a  white  ppt. 

NH 

HgCl  +  2NH8  =  NH4Cl  +  Hg/   '  * 

the  so-called  "  white  ppt.*'  of  medicine.     From  the  nitrate  an  oxyamido 
compound  is  formed. 

/Hg— NHg 
2Hg(N0,)a  +  4NH,  +  H,0  =•  3NH4NO3  +  0< 

^Hg-NO,. 

4.  KI  ppts.  red  Hgig  (yellow  at  first,  quickly  turning  red),  which  is  soluble 
in  excess  of  potassium  iodide  or  mercuric  chloride. 

5.  NagCOs  ppts.  a  basic  carbonate  3HgO .  HgCO,. 

The  same  ppt.  is  formed  by  NaHCOj  with  mercuric  nitrate,  but  not  from 
the  chloride. 

6.  K2Cr04  ppts.  yellow  HgCr04.    Diohromates  produce  a  ppt.  with  the 
nitrate,  but  not  with  the  chloride. 

7.  SnCls  ppts.  first  white  mercurous  chloride,  which  is  further  reduced  by 
more  stannous  chloride,  especially  on  warming,  to  grey  metallic  mercury. 

2Hga2  +  SnClj  =  HggClj  +  8na^, 
HgaClj  +  SnOj  =  2Hg  +  Sna4. 

If  the  solution  is  decanted  and  the  ppt.  warmed  with  hydrochloric  acid, 
the  mercury  forms  globules. 

Many  other  reducing  agents  cause  the  pptn.  of  metallic  mercury. 

8.  Copper  ppts.  metallic  mercury  from  solution  in  the  same  manner  as  with 
mercurous  salts. 


The  reactions  of  lead  have  already  been  studied.  Owing  to  the  slight 
solubility  of  lead  chloride,  lead  sulphide  is  always  pptd.  in  this  group.  The 
same  remark  applies  to  thallium. 

COPPER,  Cu  =  63*57. 

The  two  oxides  of  copper,  Cu,0  and  CuO,  both  give  rise  to  salts.  Cuprous 
salts  are  insoluble,  however,  and  are  oxidised  to  cupric  salts  to  get  them  into 
solution,  and  hence  copper  does  not  appear  in  Group  I. 

Dry  Tests. 

These  are  common  to  both  cuprous  and  cupric  salts. 

On  charcoal  in  the  reducing  flame,  especially  with  fusion  mixture,  or  on 
the  charcoal  stick,  scales  of  copper  are  obtained.  These  do  not  form  a  bead, 
owing  to  the  high  melting  point  of  copper. 

The  borax-bead  is  greenish-blue.  In  the  reducing  flame  (especially  with 
a  trace  of  stannous  chloride)  a  transparent  red  bead  is  obtained. 

Many  copper  salts  colour  the  flame  green.  Copper  halides  impart  a 
magnificent  peacock-green  colour  to  the  flame. 
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Wet  Tests. 
Caprous  Salts. 

A  solution  of  cuprous  chloride  in  strong  hydrochloric  acid  is  used. 

1.  H2S  ppts.  black  CugS,  soluble  in  hot  dilute  nitric  acid. 

2.  KOH  ppts.  orange-yellow  cuprous  hydroxide,  Cu2(OH)2,  which  is 
dehydrated  on  boiling,  becoming  red  CugO. 

Cupric  Salts. 

Use  a  solution  of  copper  sulphate. 

1.  H2S  ppts.  black  CuS.  In  neutral  or  slightly  acid  solutions  this  is 
colloidal  and  cannot  be  filtered.  From  more  strongly  acid  solutions  a  gel 
ppt.  is  obtained.  It  is  soluble  in  hot  dilute  nitric  acid,  appreciably  soluble  in 
yeUow  ammonium  sulphide,  insoluble  in  potassium  (or  sodium)  sulphide. 

2.  KOH  ppts.  blue  gelatinous  Cu(0H)2,  turning  black  on  boiling,  owing 
to  dehydration. 

3.  NH4OH  ppts.  at  first  a  green  basic  sulphate,  Cu 2(011)2804,  soluble  in 
excess,  forming  a  fine  blue  solution  of  aquo-tetrammine  copper  sulphate. 
(See  preparation.) 

2CUSO4  +  2NH4OH  =  (NH,)2S04  +  CU2(OH)2S04. 
Cu2(OH)2S04  +  (NH4)2S04  +  6NH3  =  2Cu(NH3)4S04 .  H2O. 

4.  KCN  ppts.  Cu(CN)2,  which  becomes  Cu2(CN)2  by  loss  of  cyanogen. 
This  is  soluble  in  more  potassium  cyanide  to  form  the  cupro-cyanide. 

CUSO4  +  2KCN  =  K2SO4  +  Cu(CN)2. 
2Cu(CN)2  =  C2N2  +  Cu2(CN)2. 
Cu2(CN)2  +  6KCN  =  2K3[Cu(CN)4]. 

A  similar  compound  is  formed  when  potassiimi  cyanide  in  excess  is  added 
to  the  blue  ammoniacal  solution  of  3.  If  excess  of  cyanide  is  added,  the 
cupric  ions  are  suppressed,  and  then  hydrogen  sulphide  causes  no  ppt. 
(Difference  from  Cadmium.) 

5.  KCNS  ppts.  black  sulphocyanate,  Cu(CNS)2,  gradually  turning  to 
white  Cu2(CNS)2,  especially  on  addition  of  sulphurous  acid. 

2Cu(CNS)2  +  H2O  +  H2SO3  =  H2SO4  +  2HCNS  +  Cu2(CNS)2. 

6.  K4Fe(CN)e  ppts.  brown  gelatinous  Cu2Fe(CN)e,  insoluble  in  dilute  acids, 
decomposed  by  alkalis,  yielding  blue  Cu(0H)2.     (Of.  Uranium.) 

BISMUTH,  Bi=208K). 

Bismuth  oxides  are  Bi203,  Bi204,  and  BigOg.  The  first-named  only  is  basic 
(for  further  properties  see  preparations),  and  all  bismuth  salts  correspond  to  it. 

Dry  Tests. 

On  charcoal  in  the  reducing  flame,  bismuth  salts  yield  a  brittle  metallic 
bead  and  a  yellow  incrustation  of  oxide.  Fusion  mixture  should  be  added 
if  any  difficulty  is  experienced  in  getting  a  bead.  The  metal  is  soluble  in 
nitric  acid. 
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On  an  asbestos  thread  in  the  upper  reducing  flame  bismuth  compounds 
are  reduced  to  metal,  which  burns  to  oxide  in  the  upper  oxidising  flame, 
forming  an  almost  invisible  ''  flash  "  on  a  cold  porcelain  dish  held  above  the 
flame  (see  p.  79).  On  treatment  with  hydriodic  acid,  a  scarlet  deposit  is 
formed. 

BigO,  +  SHI = SHjjO  +  2HBil4, 

which  disappears  when   breathed   upon   and  reappears  when  dried.    By 
blowing  ammonia  on  to  it,  it  becomes  a  fine  salmon  red. 

HBil^  +  NHs^NH^Bil^, 

also  becoming  invisible  when  breathed  upon. 

Von  Kobcdl's  reaction. — Mix  a  bismuth  compound  with  potassium  iodide 
and  sulphur,  and  heat  on  charcoal.  A  magnificent  red  incrustation  of  BiSI 
is  formed. 

Wet  Tests. 

Use  a  solution  of  bismuth  nitrate  with  addition  of  a  little  acid. 

1.  HgS  ppts.  dark  brown  BigSj,  insoluble  in  dilute  acids  (except  nitric), 
and  in  alkali  sulphides. 

2.  KOH  and  IiH40H  ppt.  white  Bi(0H)3,  insoluble  in  excess  of  either 
reagent. 

3.  K^Otfif  ppts.  yellow  basic  (bismuthyl)  dichromate 

K^CrgO^  +  2Bia8  +  2Rfi  =  2Ka  +  (BiO^CraO^, 

soluble  in  mineral  acids. 

4.  KI  ppts.  black  Bilj,  soluble  in  excess  to  an  orange  liquid 

Bil3  +  KI^KBil4 

which  is  decomposed  again  by  not  too  much  water.    By  boiling  with  water 
a  red  basic  iodide  BiOI  is  formed. 

5.  Sodium  stannite,  Sn(0Na)2  (produced  by  adding  caustic  alkali  to  a  few 
drops  of  stannous  chloride  till  the  ppt.  redissolves,  and  then  diluting  with 
water)  ppts.  black  metallic  bismuth. 

SnQa  +  2K0H  =  Sn(0H)2  +  2KCi 

Sn(OH)a  +  2K0H  =  Sn(0K)8  +  211  fi 

2BiCl3  +  6K0H  =  6Ka  +  2Bi(OH)3 

2Bi(OH)3  +  3Sn(OK)2 = 3SnO(OK)2  +  2Bi  +  3H2O. 
(staimate) 

The  test  requires  both  care  and  experience.  Carry  out  as  indicated,  avoid 
a  large  excess  of  alkali  and  do  not  heat. 

6.  Water  causes  hydrolysis  of  bismuth  salts,  giving  a  white  ppt.  of  a  basic 
salt,  the  exact  composition  of  which  depends  on  dilution  and  temperature. 

CADMIUM,  Cd= 11240. 

There  are  two  oxides,  CdjO  (1)  white,  and  CdO  brown.  The  salts  correspond 
to  the  latter  oxide. 
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Dry  Tests. 

On  charcoal  in  the  reducing  flame  a  variously  coloured  residue  is  obtained, 
with  a  brown  incrustation.  When  "  flashed  "  on  the  asbestos  thread,  the  basin 
being  held  above  the  flame,  a  brown  film  of  the  oxide  is  obtained.  It  is  edged 
with  the  white  (invisible)  sub-oxide  which  is  a  reducing  agent.  If  a  strip  of 
filter  paper  moistened  with  silver  nitrate  solution  be  drawn  across  the  deposit 
a  blue-black  deposit  of  metallic  silver  is  obtained. 

In  this  manner  the  ppt.  of  sulphide  obtained  in  the  group  may  be  con- 
firmed. The  sulphide  should  first  be  roasted  to  the  oxide  in  the  upper  oxidis- 
ing flame  before  being  reduced. 

Wet  Tests. 

1.  H2S  ppts.  yellow  CdS  from  acid  solutions.  The  sulphide  is  insoluble 
in  cold  dilute  hydrochloric  or  sulphuric  acid,  but  readily  soluble  in  warm 
dilute  nitric  or  sulphuric  and  strong  hydrochloric  acids.  It  is  insoluble  in 
alkaline  sulphides. 

CdS  often  appears  as  a  colloidal  ppt.  impossible  to  filter,  if  the  pptn.  is  made  from 
hydroohlorio  aoia  solution.    It  is  advantageous  to  employ  sulphuric  acid  if  possible. 

2.  KOH  ppts.  white  Cd(0H)2,  insoluble  in  excess. 

3.  NH4OH  gives  the  same  ppt.  soluble  in  excess  of  the  reagent  (c/.  zinc 
etc.),  the  complex  cadmium  ammonia  compound  is  hydrolysed,  however,  by 
boiling  with  much  water. 

4.  KCN  ppts.  white  Cd(CN)2  soluble  in  excess  of  the  reagent,  forming 
K2Cd(CN)4.  Of  the  above  reagents,  hydrogen  sulphide  alone  causes  a  ppt. 
from  this  solution  (separation  from  copper). 


ARSENIC,  As  =75*0. 

The  oxides  of  arsenic,  A840e  and  AsgOg  almost  always  act  as  acid  anhy- 
drides. The  chloride  AsClg  is  more  or  less  completely  decomposed  by  water, 
an  aqueous  solution  of  it  (and  a  solution  of  As^O^  in  dilute  hydrochloric  acid) 
containing  the  arsenic  as  arsenious  acid 

ASCI3  +  3H2O  :^  As(OH)3  +  3HCl. 

Dry  Tests. 
Common   to   both   arsenious   and   arsenic   compounds. 

The  oxides,  etc.  are  completely  volatile  on  charcoal,  being  reduced  to  the 
element,  which  burns  again,  giving  off  a  characteristic  garlic  smell.  All 
arsenic  compounds  ^ve  this  odour  when  heated  on  charcoal  with  fusion 
mixture.     (Poison !) 

Arsenic  compounds  reducible  to  the  element  give  either  a  metallic  or  an 
oxide  "  flash  "  according  to  the  position  of  the  porcelain  basin.  The  metallic 
film  is  brownish  black,  soluble  in  hypochlorite  solution  (difference  from 
antimony) 

2As  +  5NaOCl  +  3H2O  =  5NaCl  -f  2H3A8O4. 
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The  oxide  film  is  white.  Ammonium  sulphide  vapour  turns  it  yellow 
(As^,). 

N.B. — Arsenic  sulphides  must  be  roasted  carefully  to  the  oxide  before  being 
"  flashed." 

Arsenic  compounds  colour  the  bunsen  flame  steel-blue,  due  to  the  reduced 
arsenic  burning  again.  Heated  with  charcoal  in  a  dry  tube,  the  oxides  yield 
a  mirror  of  metallic  arsenic.  To  carry  out  the  test,  a  match  stick  is  thoroughly 
charred  (heated  under  sand)  and  introduced  into  a  tube  of  hard  glass  drawn 
out  as  shown.    A  small  quantity  ot  arsenious  oxide  is  placed  at  the  bottom, 


FIO.  29. 

the  charcoal  is  made  red  hot,  and  the  arsenic  then  heated.  A  metallic  mirror 
is  obtained.  If  this  is  heated  it  sublimes  higher  up  the  tube  as  the  trioxide, 
in  characteristic  glistening  octahedra,  which  are  easily  seen  under  a  lens. 

Wet  Tests. 
Araeniooi  Acid. 

Use  a  sohUion  of  arsenious  oxide  in  dilute  hydrochloric  add. 

1.  H^  ppts.  from  acid  solution  yellow  As^Sj,  insoluble  in  acids  (even 
strong  hydrochloric  acid)  but  soluble  in  strong  nitric  acid,  forming  arsenic 
and  sulphuric  acids  (oxidation).  It  is  soluble  in  alkalis,  ammonium  car- 
bonate and  alkali  sulphides,  forming  arsenites,  thio-arsenites  or  both.  The 
reactions  may  be  simply  formulated  : 

(1)  6K0H  +  AsjSa  =  SH^O  +  K3A8O3  +  KjAsSj 

(2)  3(NH4),C08  +  As^S3  =  SCO,  +  (NH4)3As03  +  (NH4)3AsS3 

(3)  3(NH4)^  +  AsjSj  =  2(NH4)^sS3. 

On  acidifying  these  solutions  AsjSj  is  repptd. 

Yellow  ammonium  sulphide  (containing  sulphur  in  excess)  oxidises  it  to 
ammonium  thio-arseno/e 

3(NH4)^  +  AsjjS3  +  28  =  2(NH4)3A8S4. 

AS2S3  is  not  pptd.  from  an  aqueous  solution  of  A82O3,  as  it  remains  in  the 
colloidal  state  (yellow  liquid).  It  is  coagulated  by  the  addition  of  dilute 
hydrochloric  acid.    (See  p.  73.) 

2.  AgNOs  in  neutral  arsenite  solution  (use  aqueous  sodium  arsenite) 
produces  yellow  silver  arsenite,  soluble  in  nitric  acid  and  ammonia. 

3.  CUSO4  in  neutral  arsenite  solutions  ppts.  green  copper  arsenite  (Scheele's 
green).    CuHAsOj. 

Arsenic  Acid. 

Use  a  soltUion  of  an  alkali  arsenate. 

1.  H2S,  in  the  presence  of  much  strong  hydrochloric  acid,  in  the  cold,  ppts. 
the  yellow  penta-sulphide,  As^Sg;  2H3ASO4  +  SHgS  =  SH^O  +  AsgSg. 
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If  hot,  a  mixture  of  tri-  and  penta-sulphides  is  formed. 

In  a  cold  dilute  hydrochloric  acid  solution  such  as  is  obtained  for  analysis, 
hydrogen  sulphide  ppts.  very  slowly  a  mixture  of  sulphur  and  the*  tri-sulphide 
thus : 

First  H3ASO4  +  HjS  =  H2O  +  H3ASO3  +  S 

and  then  2H3ASO3  +  3HjS  =  GH^O  +  As^Sa- 

Various  other  reducing  agents,  e.g,  sulphurous  acid,  reduce  arsenic  to 
arseniott^  acid.  It  is  advantageous  to  perform  this  reduction,  boiling  off 
excess  of  sulphur  dioxide,  before  passing  hydrogen  sulphide. 

Arsenic  penta-sulphide  is  soluble  in  alkalis,  alkali  sulphides  and  ammonium 
carbonate,  forming  thio-  and  partly  thio-arsenates 

AS2S5  +  6K0H  =  SHjjO  +  K8ASS4  +  K3ASSO3 
AsA  +  SCNHJ^S  =  2(NH4)3AsS4.        . 

These  solutions  yield  arsenic  penta-sulphide  again  on  acidification. 

2.  AgNOs  in  neutral  solutions  ppts.  brick-red  silver  arsenate,  Ag8As04, 
soluble  in  nitric  acid  and  in  ammonia  (difference  from  arsenite). 

3.  Magnesium  mixture  [(NH4)2MgCl4  +  NH40Hj  ppts.  from  ammoniacal 
solutions  white  crystalline  magnesium  ammonium  arsenate, 

MgNH4As04,  6H2O, 

which  is  in  every  way  analogous  to  the  corresponding  phosphate  (difference 
from  arsenite). 

4.  Ammonium  molybdate  in  excess  ppts.  from  a  hot  nitric  acid  solution, 
yellow  crystalline  ammonium  arsenomolybdate,  (NH4)3A804  +  12Mo03, 
soluble  in  alkalis  and  ammonia  (difference  from  arsenite). 

N.B.  By  boiling  areenites  with  much  strong  nitrio  acid,  the  yellow  ppt.  may  be 
produced  slowly,  owing  to  oxidation  to  arsenates. 

5.  CUSO4  ppts.  pale  greenish-blue  CUHASO4  (difference  from  arsenite). 

Wet  Tests  Common  to  Both. 

1.  Reinsch's  Test. — A  strip  of  copper  foil  warmed  with  arsenious  or  arsenic 
acid  is  covered  with  a  deposit  of  metallic  arsenic. 

2.  Nascent  Hydrogen  (acid)  reduces  all  arsenic  compounds  to  the  hydride, 
A8H3.     On  this  fact  depend 

(a)  Marsh's  Test. — Pure  zinc  and  pure  dilute  sulphuric  acid  are  placed 
in  a  small  flask  fitted  as  shown.  A  few  drops  of  platinic  chloride  are  added 
to  facilitate  the  evolution  of  hydrogen  (which  is  very  slow  from  pure 
reagents). 

When  all  air  is  swept  out  of  the  apparatus,  the  gas  is  lighted  at  the  jet. 
On  adding  to  the  flask  a  few  drops  of  a  solution  of  any  arsenic  compound, 
arsine  is  produced.    It  is  detected  by 

(1)  Heating  the  tube  strongly,  which  decomposes  the  hydride,  forming  a 
mirror  of  metallic  arsenic  on  the  tube. 

(2)  The  steel-blue  colour  imparted  to  the  hydrogen  flame. 
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(3)  Holding  the  lid  of  a  porcelain  crucible  in  the  flame  for  a  few  seconds. 
A  black  stain  of  arsenic  is  obtained,  soluble  in  hypochlorites  (diflerence  from 
antimony). 


^   J 


Fia.  80. 

Marsh's  test  is  exceedingly  delicate,  and  it  is  usually  necessary  to  perform 
a  blank  test  with  the  reagents,  which  both  contain  arsenic  unless  specially 
purified. 

Arsine  is  exceedingly  poisonous, 

(b)  GntzeiVs  test. — Arsine  colours  a  crystal  of  silver 
jQitrate  yellow.  On  moistening  it,  the  colour  changes  to 
black. 

1 .  GAgNOj + AsHj = As  Ag, .  SAgNOj  +  3HNO3 

yellow 

2.  AsAg3 .  SAgNOs  +  SHfi  =  H3A8O3  +  3HNO3  +  6Ag. 

The  test  is  carried  out  either  by  leading  arsine 
(produced  as  in  Marsh's  test)  through  silver  nitrate 
solution,  when  the  black  ppt.  of  silver  is  produced  at 
once,  or  as  shown  in  Fig.  31  (Eidenbenz's  modification 
of  Qutzeit's  test),  where  the  yellow  colour  is  seen  first. 
The  figure  explains  itself. 

N,B, — To  detect  arsenic  (Scheele's  green)  in  coloured 
matter,  such  as  wall-paper,  the  substance  is  extracted 
with  dilute  hydrochloric  acid  and  the  solution  sub- 
mitted to  any  of  the  above  tests. 

ANTmONY,Sb=120«2. 

There  are  three  oxides. 
Sb203,  basic  and  acidic  ;    SbgOg,  acidic 
basic  antimony  met-antimonate  (SbO)Sb03. 


Fig.  81. 


Sb204,  indifferent,  probably 


Digitized  by 


Google 


94  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

Dry  Tests. 
Common  to  both  types. 

Heated  on  charcoal,  especially  with  fusion  mixture,  a  brittle  bead  is 
obtained,  together  with  a  white  incrustation  (difference  from  bismuth). 

The  oxides  may  be  "  flashed  "  and  a  metallic  or  an  oxide  film  produced 
at  will  (sulphides  should  first  be  roasted  in  upper  oxidising  flame).  The 
metallic  film  is  insoluble  in  hypochlorite  solution  (difference  from  arsenic). 
The  oxide  film  is  coloured  orange  by  ammonium  sulphide  vapour. 

Antimony  compounds  colour  the  flame  a  steel-white  colour  (reduced 
metal  burning).  The  correct  solvent  for  antimony  is  aqua  regia.  Nitric 
acid  yields  Sb^Og,  a  white  insoluble  powder. 

A.    Antimonioai  Compounds. 

Use  a  solution  of  SbjOg  in  dilute  hydrochloric  acid. 

1.  H2S  ppts.  orange-red  trisulphide  SbgSg  from  dilute  acid  solution ; 
readily  soluble  in  strong  hydrochloric  acid  and  hence  incompletely  pptd. 
unless  the  acid  is  very  dilute.  SbgSj  is  soluble  in  alkaline  sulphides  and  in 
alkalis,  including  lime-water. 

2.  Water  ppts.  a  basic  salt,  changed  to  the  hydroxide  by  much  hot  water. 
(See  preparations,  basic  salts).  These  are  all  soluble  in  alkali  tartrate  solution, 
forming  tartar  emetic  (p.  32). 

3.  KOH,  NH4OH,  and  alkali  carbonates  ppt.  the  hydrated  oxide,  soluble 
in  excess  of  alkali. 

4.  Zinc  ppts.  metallic  antimony.  A  Zn-Pt  couple  (piece  of  zinc  resting 
on  platinum  foil)  in  an  antimony  solution  in  hydrochloric  acid  ppts.  the 
antimony  as  a  velvety  stain  on  the  platinum,  insoluble  in  hydipchloric  acid. 

B.    Antimonic  Componnds. 

Use  a  solution  of  potassium  antimonate  KSbOg. 

1.  H2S  ppts.  from  moderately  acid  solution  orange-red  SbgSg,  soluble  in 
strong  hydrochloric  acid 

SbgSg  +  6Ha  =  2SbCl3  +  3K^  +  2S 

and  in  alkali  sulphides  and  alkalis,  but  not  in  ammonium  carbonate  (separation 
from  arsenic),  forming  similar  compounds  to  those  of  arsenic. 

2.  H2O  hydrolyses  the  antimonates,  ppting.  white  antimonic  acid. 

N.B,  The  antimonates  corresponding  to  the  various  phosphates  are  not  all  known. 
The  commonest  are  the  metantimonate  ICSbO||,  and  pyroantimonate,  K4Sb,07,  hydro- 
lysed  to  KsHtSbtO?,  soluble  in  warm  water.  This  is  a  reagent  for  sodium,  the  sodium 
salt  being  less  soluble.  The  reagent  does  not  keep  in  solution,  however,  as  it  readily 
adds  on  water. 

K,HjiSbA+H,0  =2KH,Sb04  (ortho). 

Reactions  common  to  both  tjrpes. 

Nascent  Hydrogen  reduces  all  antimony  compounds  to  stibine,  SbHj, 
and  consequently  Marsh's  test,  with  antimony  compounds,  gives  results  very 
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similar  to  those  obtained  with  arsenic.    The  distinction  is  that  the  antimony 
deposit  obtained  on  the  crucible  lid  is  insoluble  in  hypochlorite. 

Gntzeit's  Test  gives  results  similar  in  appearance  to  those  obtained  with 
arsenic.  The  black  ppt.  with  silver  nitrate  solution,  however,  is  silver  anti- 
monide, 

SbHg  +  SAgNOj  =  SbAg3  +  3HNO3, 

whereas  that  obtained  with  arsine  is  metallic  silver. 

SZino-Platmum  conide.  If  a  piece  of  pure  zinc  in  contact  with  a  piece 
of  platinum  foil  be  placed  in  a  hydrochloric  acid  solution  of  an  antimony 
compound,  the  antimony  is  deposited  on  the  platinum  as  a  black  velvety 
stain  (separation  from  tin.) 


TIN,    Sn  =  119*0. 

Tin  forms  two  oxides,  SnO,  black,  readily  oxidised  and  chiefly  basic,  and 
Sn02,  chiefly  acidic.  The  most  common  salts  are  stannous  chloride  and 
sulphate,  SnClg  and  SnS04,  and  stannic  chloride,  SnCl4,  4H2O.  The  latter 
possesses  some  of  the  properties  of  a  non-metallic  (acid)  chloride,  but  yields 
double  salts,  "  pink  salt  *'  (NH4)2SnCl,„  ammonium  stannichloride,  being  the 
best  known. 

The  correct  solvent  for  tin  is  hot  strong  hydrochloric  acid.  Nitric  acid 
converts  it  into  metastannic  acid,  H2Sn03,  a  white  insoluble  powder. 

Dry  Tests. 
Common  to  stannous  and  stannic  compounds. 

On  charcoal,  with  fusion  mixture,  a  bead  of  metallic  tin  is  obtained ; 
it  is,  however,  somewhat  difficult  to  get  a  bead  of  any  size.  If  potassium 
cyanide  be  mixed  with  the  fusion  mixture,  the  bead  is  far  more  readily  formed. 
It  is  also  readily  obtained  with  the  charcoal  stick.  The  bead  is  malleable 
and  does  not  form  a  clear  solution  with  nitric  acid  (see  above  ;  difference  from 
silver). 

Wet  Tests. 
Stannous  Compomids. 

Use  a  solution  of  stannous  chloride. 

1.  H2S  ppts.  dark  brown  stannous  sulphide,  SnS,  soluble  in  much  hot 
hydrochloric  acid,  and  in  yeUow  ammonium  sulphide  and  sodium  *  per  '- 
sulphide,  forming  sulphostannotes. 

SnS  +  (NH4)2S2  =  (NH4)2SnS3. 

SnSj  is  pptd  from  this  solution  on  acidification. 

2.  KOH  ppts.  white  stannous  hydroxide,  Sn(0H)2,  soluble  in  excess 
forming  potassium  stannite. 

Sn(0H)2  +  2K0H  =  Sn(0K)2  +  2H2O. 

On  the  strongly  alkaline  solution  being  warmed,  a  black  ppt.  of  SnO  is  formed. 
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3.  HgCl2  is  reduced  to  white  insoluble  Hg^Clj,  which  in  excess  of  the 
stannous  salt  is  further  reduced  to  grey  metallic  mercury. 

4.  AnCls  is  reduced  to  finely  divided  (colloidal)  metallic  gold  (Purple  of 
Cassius) 

2  AUCI3  +  SSnClg  =  3Sna4  +  2Au. 

5.  H2O  causes  the  pptn.  of  basic  salts.  For  this  reason  a  solution  of 
stannous  chloride  should  contain  a  little  dilute  hydrochloric  acid,  and  some 
tin  to  prevent  the  fonnation  of  stannic  chloride. 

Stannic  Compounds. 

There  are  two  classes  of  these,  known  as  a-stannic  and  /S-stanm'c  com- 
pounds. The  former  are  the  ordinary  ones  derived  from  stannic  hydroxide 
pptd.  by  adding  potash  to  stannic  chloride  solution.  Dried  in  a  desiccator 
this  ppt.  has  the  composition  SnO(OH)2  or  HgSnOs-  It  is  soluble  in  both 
acids  and  alkalis.  The  stannates  are  derived  from  the  above  hydroxide  and 
are  therefore  mcto-stanuates. 

a-Stannic  Compounds. 

Use  a  solution  of  ammonium  stannic  chloride  in  water. 

1.  H2S  ppts.  yellow  SnSg,  soluble  in  much  hydrochloric  acid,  also  in 
alkali  sulphide,  forming  thio-stannate,  from  which  acids  reppt.  SnSg  (see 
also  "  mosaic  gold,"  p.  164). 

2.  KOH  ppts.  white  Sn(0H)4,  soluble  in  excess  of  the  reagent  (see  above). 

3.  NH4OH  produces  the  same  ppt.  as  KOH ;  tartaric  acid  prevents  its 
formation  (difference  from  ^-stannic  acid). 

/3-Stannic  Compounds. 

The  acid  H2Sn03  formed  by  the  action  of  nitric  acid  on  tin  has  the  same 
empirical  formula  as  a-stannic  acid,  but  differs  from  it  in  many  respects. 

1.  It  is  not  so  readily  soluble  in  dilute  mineral  acids.  With  hydrochloric 
it  forms  a  stannyl  chloride  Sn605(OH)8Cl2  (Engel,  Chem.  Zeit.,  1897,  p.  309), 
which  is  pptd.  on  the  addition  of  strong  hydrochloric  acid  as  a  less  basic 
salt. 

2.  An  aqueous  solution  of  this  stannic  chloride  is  boiled.  j8-stannic  acid 
is  re  pptd. 

3.  H2S  ppts.  from  dilute  acid  solutions  yellow  SnS2. 

4.  H2SO4  ppts.  from  stannyl  chloride  solution  white  stannyl  sulphate 
(difference  from  a-chloride). 

5.  KOH  ppts.  ;8-stannic  acid,  insoluble  in  strong  potash,  but  more  easily 
soluble  in  dilute  potash,  forming  a  ^-stannate,  Sn505(OK)2(OH)8. 

6.  NH4OH  ppts.  j8-stannic  acid,  insoluble  in  tartaric  acid  (difference  from 
a-stannic  chloride). 

Generally  speaking,  the  dilute  aqueous  a-compounds  are  changed,  especially 
by  boiling,  into  the  ^-compounds.  The  reverse  change  takes  place  by  treating 
the  ^-compound  with  strong  alkali  or  hydrochloric  acid  (former  for  salts, 
latter  for  acid  itself). 
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It  may  be  said  that  /S-stannic  acid  is  probably  a  polymer  of  o-stamiic 
having  the  formula  (H2Sn03)5  or 

(OH), 
(OH),Sn— 0— Sn— 0\ 


i 


NSn .  (OH),. 


Sn— 0— Sn— 0/ 
(0H>,     (OH), 
The  deduction  of  the  various  reactions  may  be  left  to  the  student. 

Reactions  common  to  both  -ons  and  -ic  compounds. 

7.  Metallic  Zinc  ppts.  tin  from  all  tin  solutions,  as  a  spongy  mass  on  the 
zinc.  It  is  easily  soluble  in  hydrochloric  acid,  but  a  Zn-Pt  couple  (see  anti- 
mony) ppts.  it  on  the  zinc  (and  partly  on  the  platinum)  in  spite  of  the  presence 
of  hydrochloric  acid  (electrolysis). 

GOIiD»Aa=xl97-2. 

Oxides. — Aureus  oxide,  AugO,  Auric  oxide,  AujOj.  Both  basic.  Aureus 
salts  seldom  met  with.  Aurous  chloride  is  insoluble  in  water;  Auric  salts 
mostly  yeUow  in  colour  and  readily  soluble  in  water.  Gold  oxides  and  salts 
are  all  unstable,  and  ignition  decomposes  them  completely,  leaving  a  residue 
of  gold. 

Dry  Tests. 

All  gold  compounds  on  charcoal  with  fusion  mixture  yield  a  bead  of 
metallic  gold. 

Wet  Tests  (Axjric  only). 

Use  a  solution  of  hydrochlorauric  acid,   HAuCl^, 

1.  H^  ppts.  black  AU2S2,  insoluble  in  dilute  mineral  acids,  somewhat 
soluble  in  yellow  ammoniiCm  sulphide  ;  it  is  better  to  use  K^Sg. 

Au^2  +  KjS2=2KAuS2. 

The  pptn.  by  HjS  should  be  done  in  a  cold  solution,  as  in  hot  solutions  gold  is 
pptd.  owing  to  the  reducing  action  of  the  HjS. 

SAuQa  +  3H2S  +  I2H2O = 24Ha  +  2H2SO4  +  8Au. 

2.  KOH  ppts.  reddish  brown  Au(0H)3,  soluble  in  excess  to  form  KAuO,. 
Very  dilute  alkali  should  be  usej^,  or  owing  to  the  dilute  gold  solution  the  ppt. 
may  be  immediately  redissolved  and  missed. 

3.  NH4OH  ppts.  yellow  "  fulminating  gold,"  Au(NH3)2(OH)2,  which 
explodes  violently  when  dried  and  heated  or  struck. 

4.  Reducing  agents  ppt.  metallic  gold,  the  appearance  of  which  differs 
according  to  the  reagent  used.  The  most  characteristic  reaction  is  with 
Stannous  chloride,  which  ppts.  the  gold  as  a  purple  ppt.  (Purple  of  Cassius) 
turning  brown  very  quickly.    Much  acid  prevents  the  pptn. 
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H2O2  reduces  gold  from  alkaline  solutions  as  a  brown  finely  divided  sub- 
stance. 

Oxalic  acid  ppts.  gold  completely  on  warming  (separation  from  platinum). 

2AUCI3  +  3H2C2O4  =  6Ha  +  6CO2  +  2Au. 

Ferrous  sulphate  reacts  similarly,  as  also  does  sulphurous  acid. 

PLATINUM,  Pt=lM*9. 

Oxides  PtO  and  Pt02.  Both  basic.  The  solvent  for  Pt  is  aqua  regia.  If 
alloyed  with  silver  it  will  dissolve  in  nitric  acid  (difference  from  gold).  The 
solution  in  aqua  regia  yields  chlorplatinic  acid,  HgPtClg,  on  evaporation. 
Excess  of  chlorine  is  necessary  to  prevent  the  formation  of  chlorplatinous 
acid,  H2PtCl4. 

Dry  Tests. 
Heated  with  fusion  mixture  on  charcoal,  a  grey  spongy  metallic  mass  is 
obtained. 

Wet  Tests. 
Use  a  soltUion  of  H^tCl^, 

1.  H2S  ppts.  black  PtS2  slowly  when  cold,  quickly  on  warming,  soluble 
in  alkali  polysulphide. 

2.  NaOH  [not  KOH)  ppts.  black  Pt(0H)4. 

3.  KCl  or  NH4CI  from  not  too  dilute  solutions  ppt.  yellow  crystalline 
K  or  (NHJgPtCl^. 

4.  Reducing  agents  do  not  reduce  platinum  salts  to  metal  so  readily  as 
they  do  gold  salts.    Thus  : 

Oxalic  acid  has  no  action. 

FeSO^  only  in  neutral  solutions  on  warming. 

SnCl2  reduces  them  to  H2PtCl4  only,  when  warmed. 

Glycerine  and  NaOH  ppt.  the  metal  as  a  black  powder. 

C3H5(OH)3  +  3Na2PtCle  +  IGNaOH 

=  3Pt  +  Na2C204  +  Na2C08  +  I2H2O  +  ISNaQ. 

Formic  acid  ppts.  the  metal  from  neutral  boiling  solutions  as  a  black 
powder. 

2HCO2H  +  HaPtCle  =  6HC1  -f  2CO2  +  Pt. 
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GROUP  m. 

Reagent. — ^Ammonium  sulphide  in  presence  of  ammonium  chloride  and 
ammonia. 

Aluminium,  Chromium,  Iron,  Titanium,  Uranium  (pptd.  as  Hydroxides), 
Nickel,  Cobalt,  Manganese,  Zinc  (pptd.  as  Sulphides). 

The  rare  earths  are  also  pptd.  as  hydroxides  in  this  group,  hiU  it  is  visual  to 
remove  the  hulk  of  them  as  oxalates  after  Group  II.    {See  p.  183.) 

ALUMINIUBI,  Al  =  271. 

The  metal  is  practically  insoluble  in  nitric  acid.    Corfect  solvent,  strong 

Ha. 

Oxide,  AI2O3,  basic  (Acidic  to  potash  and  soda).  Insoluble  in  acids 
after  ignition  when  correct  solvent  is  molten  KHSO4. 

Dry  Tests. 

On  charcoal  before  the  blowpipe,  all  aluminium  salts  except  those  of  non- 
volatile acids  (such  as  phosphoric  and  silicic)  leave  a  white  infusible  residue  of 
alumina,  Al^Og,  incandescent  when  hot.  This,  when  moistened  with  cobalt 
nitrate  and  heated  strongly,  forms  a  blue  mass,  Thfoard's  blue.  Aluminium 
salts  are  similarly  decomposed  by  ignition  in  air. 

Dry  Tests. 
Use  a  solution  of  common  alum,  Al^iSO^^^K^O^^^iH^O, 

1.  NH4OH  ppts.  almost  colourless  gelatinous  A1(0H)3,  which  is  only 
completely  insoluble  in  the  presence  of  ammonium  salts.  In  their  absence 
it  forms  a  hydrosol,  impossible  to  filter.  A1(0H)3  is  soluble  in  dilute  acids 
when  freshly  pptd.,  but  becomes  more  insoluble  on  standing,  due  to  partial 
dehydration. 

2.  KOH  ppts.  A1(0H)3,  soluble  in  excess,  forming  potassium  aluminate, 
A1(0K)3.  This  is  not  readily  hydrolysed  by  boiling,  but  by  adding  am- 
monium salts  it  decomposed  completely,  owing  to  the  immediate  hydrolysis 
of  ammonium  aluminate 

A1(0K)3  +  3NH4CI  =  3KC1  +  A1(0NH4)3 
and  then  Al(ONH4)3  +  3H2O  =  3NH4OH  +  A1(0H)3. 

When  a  solution  of  an  aluminate  is  acidified  a  ppt.  of  A1(0H)3  is  first 
formed,  Al(OK)3  +  3HCl  =  Al(OH)3  +  3KCl,  which  readily  dissolves  in  more 
acid. 

The  presence  of  some  organic  adds,  especially  tartaric  and  citric,  prevents 
the  pptn.  of  aluminium  hydroxide  by  the  alkalis,  owing  to  the  formation 
of  a  *'  double  "  salt  in  which  the  aluminium  is  in  the  negative  ion.  Sugar 
and  starch  produce  a  similar  effect.  If  these  are  present  they  must  therefore 
be  destroyed  before  coming  to  Group  III. 
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3.  (NH4)^  ppts.  A1(0H)3  owing  to  the  immediate  hydrolysis  of  the  sulphide 
by  water. 

4.  Alkali  carbonates,  BaCOs  (suspended),  etc.,  ppt.  Al(OH),  owing  to 
hydrolysis. 

5.  Alkali  acetates  produce  no  ppt.  in-  cold  solutions,  but  on  boiling  a 
basic  acetate  is  produced  by  hydrolysis. 

Al(C^80a)8  +  2H2O  :^  Al(OH),(C,H302)  +  2C,H40, 

{cf.  iron  and  chromium). 

6.  Na2HP04  ppts.  white  gelatinous  AIPO4,  insoluble  in  acetic  acid,  soluble 
in  mineral  acids.  It  is  liable  (in  the  cold)  to  assume  a  hydrosol  form,  which 
gelatinises  when  heated, 

CHROinUM,  Cr  «  521. 

The  metal  is  rendered  "  passive  '*  by  nitric  acid,  which  therefore  faib  to 
dissolve  it.    Correct  solvent,  HCl. 

Oxides. — Cr(OH)j  (Anhydride  unknown)  Basic.  Extremely  unstable, 
rapidly  absorbing  oxygen  to  form  chromic  compounds.  The  acetate  is  the 
most  stable  salt  known.  Salts  practically  never  met  with  unless  specially 
prepared  for  absorption  of  oxygen  in  gas  analysis. 

Crfii  (^^^^)'  Basic  (acidic  to  potash  and  soda  when  in  the  hydrated 
form).    Insoluble  in  acids  or  alkalis,  after  ignition. 

CrOj  (red,  crystalline).    Acid  anhydride,  soluble  in  water. 

Dry  Tests. 

On  charcoal  before  the  blowpipe  all  chromium  compounds  leave  a  green 
residue  of  chromic  oxide,  CrjOj,  unless  the  acid  is  non- volatile,  as  phosphoric. 
CrP04  is  itself  green. 

The  borax  bead  is  coloured  emerald  green  by  all  chromium  compounds, 
both  in  the  oxidising  and  reducing  flames. 

Wet  Tests. 
L    Chromic  Salts. 

Use  a  solution  of  chrome  alum. 

1.  NH4OH  ppt.  green-grey  or  violet-grey  (according  to  conditions)  Cr(0H)3 
'somewhat  soluble  in  excess  of  ammonia,  repptd.  by  boiling  off  the  ammonia. 

Hence  to  ppt.  Cr(0H)3  completely  avoid  large  excess  of  ammonia  and  boil. 
Cr203  is  left  when  the  hydrate  is  ignited.  It  is  quite  insoluble  in  acids. 
Correct  solvent,  molten  KHSO4  (cf.  Aluminium). 

2.  KOH  ppts.  green-grey  Cr(0H)3  soluble  in  excess  to  form  green  Cr(0K)3 
potassiuni  chromite,  completely  hydrolysed  by  diluting  and  boiling  (difference 
from  aluminium). 

3.  Alkali  carbonates  and  sulphides,  BaCO,,  etc.  all  ppt.  Cr(0H)3  as  with 
aluminium. 

4.  Na2HP04  ppts.  green  CrP04  soluble  in  mineral  acids  and  cold  acetic 
^cid,  insoluble  in  hot  acetic  acid. 
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5.  Alkali  aoetates  react  as  with  aluminium,  but  on  boiling  the  hydrolysis 
is  incomplete  unless  excess  of  aluminium  or  ferric  salts  are  present. 

n.    Chromates. 

CrOj  when  neutralised  by  alkalis  gives  yellow  chromates,  e,g,  K^CtO^, 
or  orange  dichromates,  e,g.  K2Crj07.  Bichromates,  c.</.  ELHCr04,  are  imknown 
for  2KHCr04 = KjCtjO^  +  HjO  even  in  solution. 

When  alkali  is  added  to  a  dichromate  solution  the  colour  changes  ta 
yellow,  owing  to  a  chromate  being  formed. 

KjCr^O^  +  2K0H = 2X^^04  +  HjO. 

When  acid  is  added  to  a  chromate  solution  the  colour  changes  to  orange, 
owing  to  the  formation  of  a  dichromate. 

2KaCr04  +  HjjS04  =  K2SO4  +  KjCrjO^  +  HjO. 

Chromic  compounds  are  oxidised  to  chromates  in  alkaline  solution  (i.e. 
chromites)  by  hydrogen  peroxide,  chlorine,  bromine,  hypochlorites,  etc., 
lead  peroxide ;  in  neutral  solution  by  freshly  pptd.  manganese  dioxide ;  or 
by  halogens  in  presence  of  much  sodium  acetate ;  in  acid  solution  only  by 
potassium  chlorate  in  presence  of  strong  nitric  acid. 

In  the  dry  way,  oxidation  is  effected  by  fusion  with  alkali  and  an  oxidising 
agent  (see  E2Crs07  preparation,  p.  61). 

Equations : — 

2Cr(OK)3  +  4K0H  +  301^ = 6Ka  +  H^O  +  K^CtO^. 
2CrCl3  +  16Na(C2H802) + SH^O  +  30^  =  12Naa  +  16H(CjH802)  +  2Na2Cr04. 
2CrCl3  +  3Mn02  +  2H2O  =  3Mna2  +  2H2Cr04. 

Chromates  and  chromic  acid  are  readily  reduced  in  acid  solutions  by 
ferrous  salts,  sulphurous  acid,  hydrogen  sulphide,  alcohol,  oxalic  acid  and 
hydriodic  acid.  Hot  strong  hydrochloric  acid  is  also  oxidised  to  chlorine. 
Hot  strong  sulphuric  caused  reduction  with  evolution  of  oxygen. 

Reactions  for  chrosiie  acid. 

Use  solution  of  potassium  chromate  or  dichromate. 

1.  Dilate  H2SO4. — Change  of  colour  from  yellow  to  orange  in  case  of 
chromates  ;  alkalis  turn  it  back  to  yellow. 

2.  Strong  £[2804. — Orange  red  colour,  often  with  separation  of  scarlet 
ppt.  of  trichromates  or  chromic  acid.  When  heated  oxygen  is  evolved  and 
the  solution  slowly  turns  green. 

3.  AgNOa  ppts.  crimson  Ag2Cr04  from  neutral  solutions,  soluble  in  acids 
and  ammonia. 

4.  Pb(C2H802)2  ppts.  yellow  PbCr04,  soluble  in  mineral  acids,  insoluble  in 
acetic. 

5.  BaCl2  ppts.  lemon-yellow  £aCr04,  soluble  in  mineral  acids,  insoluble  in 
acetic. 

6.  Hg2(ll03)2  ppts.  brown  basic  mercurous  chromate  which  on  boiling 
forms  fiery  red  normal  chromate.    (See  under  mercury  for  reactions.) 
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7.  H2O2  and /fee  chromic  acid  react  to  form  a  deep  blue  solution,  probably 
perchromic  acid,  HjCigOg,  whicb  is  very  unstable.  The  blue  substance  is, 
however,  soluble  in  ether,  in  which  it  is  more  stable.  To  carry  out  the  test, 
acidify  the  chromate  solution  with  dilute  sulphuric  acid,  add  some  ether,  then 
a  few  drops  of  hydrogen  peroxide  and  shake. 

IRON,  Fe  =  55  9. 

The  correct  solvent  for  the  metal  is  hot  dilute  hydrochloric  acid. 

Oxides. — FeO  basic,  soluble  in  mineral  acids,  forming /errotis  salts;  FejOg 
basic,  soluble  in  dilute  mineral  acids  (unless  recently  ignited  or  native,  when 
hot  strong  hydrochloric  acid  is  necessary)  forming  ferric  salts ;  Fe304,  soluble 
in  hot  strong  hydrochloric  acid,  forming  both  ferrous  and  ferric  salts.  It  \& 
therefore  a  compound  of  the  other  two  oxides. 

Dry  Tests. 

On  charcoal  before  the  blowpipe,  especially  by  the  help  of  fusion  mixture 
iron  salts  are  reduced  to  black  metallic  iron,  the  grains  of  which  can  be  picked 
out  by  a  magnet  (crush  with  water  if  fusion  mixture  has  been  used).  The 
charcoal  stick  gives  a  similar  reaction.  The  borax  bead  is  coloured  yellow 
in  the  oxidising  flame  (ferric),  pale  green  in  the  reducing  flame  (ferrous). 
Some  organic  salts  of  iron,  notably  the  oxalate,  leave  pyrophoric  iron  or  ferrous 
oxide  when  heated  strongly. 

Wet  Tests. 
I.    Ferrous  Salts. 

Use  afresh  solution  of  ferrous  sulphate  in  cold  boHed  water, 

1.  NH4OH  gives  a  ppt.  of  Fe(0H)2.  If  absolutely  pure  this  is  white,  but 
rapidly  turns  to  a  dirty  green,  then  black  and  finally  brown,  owing  to  oxidation 
to  ferric  hydroxide.  Fe(0H)2  is  soluble  in  ammonium  chloride,  forming  a 
"  double  "  salt  with  the  iron  in  the  complex  negative  ion.  It  ts  readily 
oxidised  by  the  air,  however,  forming  a  messy  ppt.  of  Fe(0H)3.  Owing  to 
this  it  is  quite  impossible  to  filter  off  the  ppt.  of  Fe(0H)2,  and  before  pptg. 
Group  III.  the  iron  is  always  oxidised  to  the  ferric  state. 

2.  KOH  ppts.  Fe(0H)2  is  in  1.     Excess  of  alkali  does  not  dissolve  it. 

3.  Alkali  carbonates  ppt.  white  FeCOj,  which  is,  however,  readily  hydrolysed 
and  oxidised. 

4.  K4Fe(CN)e  with  absolutely  ferrous  salts  ppts.  white  ferrous  ferrocyanide, 
Fe2[Fe(CN)0].  It  immediately  absorbs  oxygen,  turning  blue.  Hence  the 
usual  result  is  a  more  or  less  pale  blue  ppt. 

5.  K3Fe(CN)e  ppts.  dark  blue  ferrous  ferricyanide. 

Fe3[Fe(CN)e]2  or  TurnbulFs  blue. 

There  is  some  doubt  about  the  exact  composition  of  Prussian  and  Tumbull^s  blue. 
It  is  probable  that  both  are  the  same  substance,  viz.  ferric  ferrocyanide.  If,  however, 
the  feiTO  or  ferricyanide  is  in  excess  the  product  is  KFeFe  (CN),  **  soluble  "  Prussian 
or  TumbuU's  blue. 

6.  KCNS  has  no  visible  reaction. 
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7.  Alkali  sulphides  ppt.  black  FeS  soluble  in  dilute  acids.  Hydrogen 
sulphide  in  neutral  solution  may  ppt.  a  little  black  FeS,  which  is,  however, 
soluble  in  the  acid  produced  by  the  reaction. 

8.  KCN  ppts.  ferrous  cyanide  (?)  soluble  in  excess  to  form  K4Fe(CN)g. 
A  blue  ppt.  is  generally  obtained  on  adding  KCN  to  a  ferrous  salt,  the  reason 
being  obvious.     (See  4  above.) 

n.    Ferric  Salts. 

Ferrous  salts  are  oxidised  to  ferric  salts  in  acid  solution  by  most  oxidising 
agents,  including  dissolved  oxygen.  Strong  nitric  acid  is  the  most  convenient. 
In  absence  of  excess  of  acid,  an  insoluble  basic  ferric  salt  is  produced. 

2FeS04  +  H^04  +  0(from  oxidiser)  =  Fe2(S04)3  +  H^O. 
2FeS04  +  HjO  +  0  =  2Fe(OH)S04. 

Most  ferric  salts  are  yellow  in  solution. 

1.  NH4OH  ppts.  red-brown  Fe(0H)3,  insoluble  in  ammonium  salts. 

2.  KOH  ppts.  Fe(0H)3,  insoluble  in  excess  of  the  reagent. 

3.  Alkali  sulphides  ppt.  ferrous  sidphide  and  sidphur. 

2FeCl3  +  3(NH4)jS  =  2FeS  +  S  +  6NH4a. 

Hydrogen  sulphide  in  neutral  or  acid  solution  is  oxidised  to  sulphur,  the 
ferric  salt  being  reduced  to  ferrous.    2FeCl3  +  H^S  =  2HC1  +  2FeCl2  +  S. 

Many  other  reducing  agents  also  reduce  ferric  salts  to  ferrous,  e.g. 
HI,  SnCtg,  SO2,  nascent  hydrogen. 

4.  Alkali  carbonates,  BaC03,  ^^^  <^^  ^^^^  oxides  and  hydroxides  of  the 
divalent  metals  ppt.  Fe(0H)3,  the  action  being  hydrolytic.  All  ferric  salts 
are  slightly  hydrolysed  in  aqueous  solution. 

FeCl3  +  3H2O  :^  Fe(0H)3  +  3HC1. 

The  HCl  is  removed  by  the  carbonate  or  base,  and  the  Mass  Law  does  the 
rest. 

5.  K4Fe(CN)e  ppts.  dark  blue  ferric  ferrocyanide,  or  Prussian  blue. 
Fe4'"  [Fe"  (CN)J3  is  the  ideal  compound,  but  it  usually  still  contains  more  or 
less  potassium,  KFe'"  [Fe"  (CN)e]. 

6.  K3Fe(CN)e  (which  should  be  freshly  made)  gives  a  brown  colour  with 
ferric  salts. 

N.B. — Since  ferrocyanides  and  ferricyanides  do  not  give  any  of  the  wet 
reactions  for  iron,  they  must  be  transformed  for  analysis  either  by  heat  alone 
or  better  by  heating  with  fusion  mixture, 

e.g.  2K3[Fe(CN).]  =  6KCN  +  FeCj  +  N^  +  CgN^ 

or  K4[Fe(CN)]e  +  KJCO^  =  5KCN  +  KCNO  +  COg  +  Fe. 

In  either  case  extract  the  melt  with  water  and  dissolve  the  residue  in  dilute 
hydrochloric  acid. 

7.  KCNS  gives  a  blood-red  colour  of  Fe(CNS)3,  except  in  the  presence  of 
mercuric  chloride,  which  reacts  with  it  and  forms  a  complex  mercuric  com- 
pound 6HgCl2  +  2Fe(CNS)3  =  2FeCl3  +  3[Hg(CNS)2,  HgClj]. 

8.  Alkali  acetates  give  a  reddish-brown  colour  of  ferric  acetate.    On 
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boiling,  hydrolysis  takes  place,  and  if  the  solution  is  sufficiently  dilute,  all 
the  iron  is  pptd.  as  a  basic  acetate.  (Separation  from  manganese.)  Cj.  chrom- 
ium and  aluminium 

Fe(C^,0^, + 2HjO = 2H(C^,0,)j  +  Fe(0H)2(C,H30j). 

9.  Na{HP04  ppts.  pale  yellow  ferric  phosphate,  FeP04,  insoluble  in  acetic 
acid. 

MANOANESE,Hn»55. 

Oxides. — MnO  basic,  vinstable,  readily  oxidised.  Mn^O,  has  slight  basic 
properties.  The  action  of  nitric  acid  is  to  form  manganous  nitrate  and  leave 
manganese  dioxide,  thus  showing  it  to  be  meta-manganous  manganite ; 
Mn"  0(OMn''). 

MnjO, + 2HN08 = Mn(N0,)2 + MnO{OH),. 

Mn304  reacts  similarly  with  nitric  acid,  giving  up  two  thirds  of  its  man- 
ganese. 

MnjO*  +  4HN0, = HgO  +  2Mn(N03), + MnO(OH),. 

It  is  thus  to  be  regarded  as  orthomanganous  manganite. 

/o>Mn» 
Mn-<g 

\5>Mn" 

MnOg  is  a  peroxide,  also  an  acid  anhydride  ;  the  above  two  oxides  are  two 
of  its  salts  ;  Weldon  mud  is  to  be  regarded  as  calcium  bimanganite. 

/OH 
Mn;-0 

^Ca 
0^ 
Mn:  0 
OH 

MnOg  is  very  unstable,  but  salts  corresponding  to  it  are  well  defined, 
e.g,  potassium  manga nate,  K2Mn04. 

MjigO^  permangauic  anhydride.  All  the  oxides  by  ignition  in  air  form 
MujO^. 

The  manganese  salts  fall  into  two  classes,  manganous  salts  and  the  salts  of 
manganic  and  permanganic  acid.  The  manganic  salts  are  rare  and  unstable, 
and  probably  manganic  rubidium  alum  is  the  only  one  known  with  certainty, 
other  manganese  alums  being  at  the  best  very  unstable  and  easily  hydrolysed. 

Dry  Tests. 

Heated  on  charcoal  before  the  blowpipe  a  brown  residue  of  Mn203  ia 
obtained.     Permanganates  are  reduced  with  deflagration. 

Fused  with  alkali  on  platinum  foil,  all  manganese  compounds  are  oxidised 
(by  air  or  better  by  a  crystal  of  potassium  nitrate  or  chlorate)  to  manganates. 


Digitized  by 


Google 


DETECTION  OF  POSITIVE  RADICALS  105 

a  green  melt  being  obtained,  giving  a  fine  green  solution  in  water  which 
rapidly  turns  to  permanganate  (purple). 

MnO  +  NajCOa  +  0^  =  CO^  +  NagMnO^ 
MnOj  +  NagCOa  +  0  =  COg  +  NajMn04 

etc.    This  reaction  is  very  delicate. 

The  borax  bead  is  coloured  amethyst  in  the  oxidising  flame,  colourless  in 
the  reducing  flame,  by  all  manganese  compounds.  It  is  somewhat  difficult 
to  obtain  a  colourless  bead  if  the  compound  used  is  in  a  higher  state  of  oxida- 
tion than  manganoi/^. 

Wet  Tests. 

I.  MANGANoys  Compounds. 

All  soluble  hydrated  salts  are  pink,  anhydrous  and  insoluble  ones  white, 
except  the  sidphide. 

1.  NH4OH  ppts.  white  Mn(0H)2,  soluble  in  ammonium  chloride.  Unless 
this  salt  is  first  added,  only  half  of  the  Mn(0H)2  dissolves. 

2Mna2  +  4NH4OH  =  2Mn(OH)2  4-  4NH4CI. 
4NH4CI  +  Mn(0H)2 = (NH4)2MnCl4  +  2NH4OH. 

The  Mn(0H)2  is  very  readily  oxidised  toMnO(OH)2  by  atmospheric  oxygen 
or  by  the  usual  oxidising  agents  (H2O2,  CI2,  Brg,  hypochlorites,  etc.).  Even 
as  the  "  double  "  salt  (NH4)2MnCl4  it  is  readily  oxidised,  so  that  on  filtering 
off  the  ppt.  (by  NH4OH)  the  solution  rapidly  ppts.  MnO(OH)2. 

(NH4)2Mna4  +  2NH4OH  +  0  =  4NH4CI  +  MnO(OH)2 

(See  also  formation  of  Weldqn  mud,) 

2.  EOH  ppts.  Mn(0H)2,  insoluble  in  the  reagent,  readily  oxidised  as  in  1. 

3.  Alkali  sulphides  ppt.  flesh-coloured  MnS  +  aq.  If  this  is  boiled  with 
much  ammonium  sulphide  a  less  hydrated  green  sulphide  is  obtained.  MnS 
is  soluble  in  dilute  acids. 

4.  Alkali  carbonates  ppt.  white  MnCOj. 

5.  Volhard's  Reaction. — If  a  manganous  salt  (other  than  halides)  is  boiled 
with  much  dilute  nitric  acid  and  a  pinch  of  red  lead  or  lead  dioxide  added 
and  allowed  to  settle,  the  liquid  is  coloured  purple,  due  to  the  formation  of 
permanganic  acid 

2MnS04  +  5Pb02  +  6HNO3  -  2HMn04  +  2H2O  +  2PbS04  +  3Pb(N03)2. 

Oxidation  of  manganous  comik)nnds. 

In  the  presence  of  alkali,  manganous  hydroxide  is  rapidly  oxidised  by 
atmospheric  oxygen  and  by  the  halogens,  hypochlorites,  etc.,  to  manganese 
dioxide  (hydrated),  or  in  the  presence  of  salts  of  the  divalent  metals,  Ba,  Sr, 
Ca,  Zn,  etc.,  to  manganites  or  bimanganites.  A  well-known  example  of  this  is 
the  Weldon  process  for  the  recovery  of  manganese  dioxide  for  the  manufacture 
of  chlorine. 

The  residues  are  treated  with  excess  of  milk  of  lime. 

MnCl2+Ca(0H),-Mn(0H)s+CaCl2. 
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Steam  and  air  are  blown  in 

/OH 
2Mn  (OH)j  +  Ca(0H)2  +  0,  =  Mn(-0 

\0. 

>Ca  +  2H20. 

/O/ 

\0H 

i.e.  the  acid  calcium  aalt  of  MnO(OH)2.  The  oxidation  may  be  simply  schemed 
as 

Mn(0H)2  +  0  =  MnO(OH)2. 

bUck 

If  air  is  the  oxidising  agent,  it  is  probable  that  the  manganous  hydroxide 
goes  through  various  intermediate  stages  of  oxidation  corresponding  to 
Mn304,  MugOg  and  finally  MnOg. 

Recognition  of  MnOj. 

1.  Heat  causes  evolution  of  oxygen  at  a  high  temperature. 

SMnOa^MnjO^  +  Og. 

2.  Strong  H^S04  causes  evolution  of  oxygen  on  being  heated. 

2Mn02  +  2H2SO4  =  2MnS04  +  2H2O  +  0^. 

3.  Strong  Hd  forms  a  green  solution  (probably  MnCl4)  which  when  heated 
gives  chlorine. 

MnOg  +  4HC1  =  MnCl4  +  2H2O 
MnCl4  =  MnCl2  +  Cl2. 

4.  Oxalic  acid  is  oxidised  in  acid  solution  to  COj. 

H2C2O4  +  MnOg  +  H2SO4  =  2H2O  +  2CO2  +  MnSO^. 

Ferrous  salts  are  similarly  oxidised  to  ferric  salts,  HBr  and  HI  to  bromine 
and  iodine,  etc. 

II.  Manganates  and  Permanganates. 

Manganates  are  formed  when  MnOj  is  fused  with  alkali  and  an  oxidising 
agent  (KNO3,  KCIO3,  or  the  air). 

MnOj  +  2K0H  +  0  =  K2Mn04  +  H2O. 

They  are  stable  only  in  alkaline  solution.  The  free  acid  at  once  oxidises 
part  of  itself  to  permanganic  acid  the  rest  of  it  being  thereby  reduced  to 
manganese  dioxide  (hydrate). 

3H2Mn04  =  2HMn04  +  MnO(OH)2  +  HgO. 

Hence  permanganates  are  made  by  acidifying  the  manganate  solution 
made  as  above.  The  acid  used  on  the  small  scale  is  COg.  On  the  large  scale, 
to  prevent  loss  of  manganese  as  MnOj,  the  transformation  is  effected  -by 
ozone,  which  oxidises  the  manganate  to  permanganate.     (See  p.  61). 

Permanganic  acid  is  only  known  in  aqueous  solution,  but  the  anhydride 
Mn207  is  formed  as  brown  oil  when  cooled  strong  sulphuric  acid  is  carefully 
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added  to  permanganate  crystals.  It  is  explosive  when  warmed  gently 
(care  !).    Mn^O^  +  2HaS04 = 2HjO  +  2MnS04  +  50. 

Permanganatef  and  permanganic  acid  are  recognised  by  the  characteristic 
colour  of  their  solutions  and  by  the  oxidising  and  reducing  actions  when 
treated  with  various  reagents,  as  indicated  below. 

Permanganates  give  off  oxygen  when  the  dry  powder  is  heated. 

2KMn04  =  KjO  +  2Mn02  +  30. 

The  halogen  acids  are  readily  oxidised  in  the  cold,  and  this  forms  a  very 
convenient  preparation  of  chlorine  when  only  a  small  quantity  is  required. 

The  oxidising  actions  of  permanganates  fall  under  three  heads,  according 
to  the  stage  to  which  they  are  reduced. 

The  oxidation  in  add  solution  is  represented  by  the  scheme  : 

2KMn04  +  3H2SO4  =  K2SO4  +  MnS04  +  50. 

In  alkaline  solution  they  are  reduced  either  to  manganates  or  to  manganese 
dioxide,  according  to  the  vigour  of  the  reducing  agent.     Schemes  : 

(i)  2KMn04  +  2K0H  =  2K2Mn04  +  H^O  +  0. 

(ii)  2KMn04  +  2H2O = 2K0H  +  Og  +  2MnO(OH)2. 

The  following  substances  are  oxidised  in  acid  solution  by  KMn04 ;  the 
equations  are  left  to  the  student. 

Oxalic  acid  (COg  and  water). 

Hydrogen  peroxide  (HjO  +  0 ;  the  0  imites  with  0  from  the  permanganate 
to  form  a  molecule  of  oxygen). 

Ferrous  salts  (ferric  salts). 

Hydriodic  acid  (iodine  and  water). 

Hydrogen  sulphide  (HgO  +  S). 

Hydrogen  chloride  and  bromide  ;  the  strong  acids  in  the  cold,  the  dilute 
ones  on  warming.  Many  organic  substances  reduce  permanganate  both  in 
acid  and  alkaline  solution.     (See  under  tartaric  and  citric  acids.) 

ZING,  Zn  =  65*3. 

Oxide.    ZnO,  basic  ;   (acidic  to  caustic  potash  and  soda). 

Dry  Tests. 

Compounds  of  zinc  which  are  changed  to  oxide  on  ignition  give  an  in- 
crustation on  charcoal  which  is  yellow  when  hot,  white  when  cold  (very 
characteristic  of  ZnO).  This,  when  moistened  with  cobalt  nitrate  and  strongly 
heated  yields  a  green  mass  (Rinmann's  green).  It  is  impossible  to  obtain 
metallic  zinc  on  charcoal,  as  the  metal  is  readily  volatile. 

Wet  Tests. 

Use  a  solution  of  zinc  sidphate, 

1.  NH40H  ppts.  white  Zn(0H)2,  readily  soluble  in  both  ammonium  salts 
and  ammonia  itself.     In  the  former  -it  dissolves  as  do  the  hviroxides  of 
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nickel,  manganese,  magnesium,  etc.,  q,v.    In  the  latter  it  behaves  as  copper 
hydroxide  does. 

Zn(0H)2  +  i^E^a  =  (NH4)2Zna4  +  2NH4OH 
or  Zn(OH)2  +  6NH3  =  [Zn(NH8)e](OH)2. 

2.  EOH  ppts.  Zn(0H)2  easily  soluble  in  excess,  forming  a  zincate. 

Zn(OH)j  +  2K0H  -  Zn(OK), + 2HjO. 

It  is  not  hydrolysed  by  boiling  if  sufficient  alkali  be  present,  nor  is  it 
decomposed  by  boiling  with  ammonium  chloride  (cf.  aluminium). 

3.  Alkali  sulphides  ppt.  white  ZnS,  which  is  very  ready  to  assume  a  col- 
loidal state.  It  must  be  pptd.  from  a  hot  solution  in  presence  of  ammonium 
salts  to  prevent  this.     ZnS  is  insoluble  in  acetic,  soluble  in  mineral  acids. 

4.  Na2HP04  ppts.  white  Zn3(P04)2  soluble  in  ammonia  and  in  ammonium 
chloride. 

5.  Na2C03  ppts.  a  white  basic  carbonate.  (The  normal  carbonate  is  pptd. 
by  NaHCOg).  Ammonium  carbonate  does  the  same,  but  the  ppt.  is  soluble 
in  excess  of  the  reagent  and  in  ammonium  salts. 

NIGKEL,  Ni»58'7. 

Oxides.— NiO  basic. 

Ni203  (?)  peroxide.  (See  Text-book  of  Inorganic  Chemistry ^  Friend  (Griffin), 
Vol.  IX.  Pt.  I.  p.  117). 

Both  oxides  give  rise,  therefore,  to  nickeloti^  salts  when  dissolved  in  acids, 
e,g.    mfi^  +  6Ha  =  2NiCl2  +  SHjO  +  (\, 

Soluble  nickel  salts  are  green  in  the  crystalline  state,  yellow  when  an- 
hydrous.   Most  of  the  insoluble  compounds  (as  carbonate,  etc.)  are  green. 

Nickel  is  not  easily  soluble  in  hydrochloric  or  sulphuric  acids,  but  readily 
in  nitric. 

Dry  Tests, 

Heated  on  charcoal  by  the  blowpipe,  with  or  without  fusion  mixture, 
black  magnetic  scales  of  metallic  nickel  are  obtained.  The  charcoal  stick 
gives  a  similar  reaction.  The  borax  bead  is  coloured  yellow-brown  in  the 
oxidising  flame,  grey  and  opaque  in  the  reducing  flame,  due  to  separation  of 
fine  particles  of  metallic  nickel. 

Wet  Tests, 
Use  a  soltUion  of  nickel  sulphaie  or  nitrate. 

1.  NH40H  ppts.  a  green  basic  salt,  soluble  in  excels  to  a  blue  solution 
(cf.  copper). 

2NiS04  +  2NH4OH  =  (NH4)2804  +  Ni2(OH)2S04. 
and  then        Ni2S04(0H)2  +  (NH4)2S04  +  IONH3  =  2[Ni(NH3)e]S04  +  2H2O. 
If  ammonium  salts  are  present,  no  ppt.  is  formed,  for 
NiQg  +  2NH4a  =  (NH4)2rNia4], 
which  readily  adds  on  ammonia  to  form  nickel  ammonia  compounds,  e.g. 
[Ni(NH3)e]a2  (see  p.  31). 
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2.  EOH  ppts.  apple-green  Ni(OH)s.  This  is  readily  oxidised  by  chlorine, 
bromine,  hydrogen  peroxide,  hypochlorites,  etc.,  to  black  Ni(0H)3.* 

2Ni(0H)j  +  2NaOH  +  Cl^  =  2Naa  +  2Ni(OH)3.* 

3.  (HH|)2S  ppts.  black  NiS,  forming  a  black  colloidal  solution  with  excess 
of  yellow  ammonium  sulphide.  To  prevent  this,  it  is  necessary  to  ppt.  NiS 
by  passing  hydrogen  sulphide  into  an  ammoniacal  solution.  Though  the 
presence  of  free  mineral  acid  will  entirely  prevent  the  pptn.  of  NiS,  yet  pptd. 
NiS  is  very  difficult  to  dissolve  in  dilute  mineral  acid.  The  solvent  for  it  is 
aqua  regia. 

4.  Alkali  carbonatef  ppt.  green  NiCOg.  Ammonium  carbonate  in  excess 
redissolves  this  ppt. 

5.  ECN  ppts.  pale  green  nickelous  cyanide,  Ni(CN)2  readily  soluble  in 
excess  of  the  reagent,  forming  potassium  nickelocyanide. 

Ni(CN)2 + 2KCN = Kj[Ni(CN)  J 
(difference  from  cobalt). 

This  is  decomposed  by  dilute  acids,  repptg.  Ni(CN)2,  which  is  not  readily 
soluble  in  cold  dilute  acid. 

K2[Ni(CN)4]  is  not  acted  on  by  ammonium  sulphide  (difference  from  Mn  and 
Zn)  but  is  readily  decomposed  by  treating  with  Clg,  Br,,  hypochlorites,  etc.,  in 
alkaline  solution.  Large  excess  of  potassium  cyanide  hinders  the  reaction,  as 
it  prevents  the  decomposition  of  the  nickelo-cyanide  (mass  action,  see  p.  30). 

K2[Ni(CN)4]  +  4Cla  =  2Ka  +  NiCl2  +  4CNCI. 

cyanogen  chloride. 

NiCla  +  2NaOH  =  Ni(0H)2  +  2Naa. 
2Ni(OH)2  +  H2O  +  NaOa  =  2Ni(OH)3*  4-  NaQ. 

Bromine  acts  similarly,  but  not  so  readily.  Hence  we  may  detect  traces 
of  nickel  in  cobalt  salts,  provided  that  undue  excess  of  KCN  be  avoided; 

6.  Na2HP04  ppts.  Ni3(P04)2  soluble  in  acetic  acids. 

7.  KNO2  produces  no  ppt.  in  dilute  solutions  (cf,  cobalt). 

8.  a-Dimethyl  glyozime  (alcohol  solution)  ppts.  bulky  scarlet  CgHi4N404Ni. 
a-Diphenyl  glyozime  is  more  sensitive,  giving  a  bulky  red  ppt.  of  C2gH22N404Ni. 

COBALT,  Co  ==59-0. 

Oxides. — CoO  basic.    Gives  rise  to  cobaltous  salts. 

C08O4  compound  of  the  other  two  oxides.  Gives  rise  to  cobaltous  and 
cobaltic  salts  with  dilute  acids. 

C02O8  basic  to  cold  acids,  peroxide  to  hot  acids.  Gives  rise  to  cobaltic 
salts  with  cold  acids,  cobaltous  with  hot  acids. 

CoO  +  2Ha  =  CoCl2  +  H20. 
C02O3  +  6Ha  =  2Coa3  +  3H2O  (cold). 
C02O3  +  6Ha  =  2C0CI2  +  3H2O  +  Qg  (hot). 
C03O4  +  8Ha  =  CoWj  +  2C0CI3  +  4H2O  (cold), 
etc. 
The  solvent  for  metallic  cobalt  is  nitric  acid. 

*  There  is  some  doubt  as  to  the  composition  of  this  ppt. 
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Dry  Tests. 

The  reaction  on  charcoal  or  the  charcoal  stick  is  indistinguishable  from 
that  of  nickel.     Cobalt  also  is  magnetic. 

The  borax  bead  is  coloured  blue  both  in  the  oxidising  and  reducing  flames. 

Soluble  cobalt  salts  are  deep  pink  when  hydrated,  blue  when  anhydrous, 
or  in  presence  of  much  HCl.     Most  insoluble  compounds  are  blue. 

Wet  Tests. 
Use  a  solution  of  cobalt  nitrate, 

1.  NH4OH  ppts.  first  a  blue  basic  salt 

NH4OH  +  Co(N03)2  =  Co(0H)N03*  +  NH^NOjp 

which  is  soluble  in  excess  of  ammonium  chloride  (cf.  nickel).  The  cobalt  is, 
however,  slowly  oxidised  by  atmospheric  oxygen  to  the  cobaltic  state,  and  the 
yellow  solution  turns  reddish. 

2.  EOH  ppts.  first  a  blue  basic  salt  as  above.*  This  is  decomposed  by 
more  hot  KOH,  and  pink  Co(0H)2  is  formed.  This,  however,  gradually 
absorbs  oxygen  from  the  air,  turning  brown  and  finally  black. 

2Co(OH)2  +  0  +  H2O  =  2Co(OH)3 

(cf.  iron,  manganese  and  nickel). 

Cobaltous  hydroxide  is  very  readily  oxidised  in  presence  of  alkalis  by  the 
halogens,  hypochlorite,  etc. 

3.  (NHiJaS  ppts.  black  CoS,  insoluble  in  ammonium  sulphide  and  dilute 
mineral  acids,  soluble  in  aqua  regia.  Though  the  presence  of  dilute  mineral 
acids  prevents  the  pptn.  of  cobalt  sulphide,  yet  when  pptd.  it  is  practically 
insoluble  therein  (cf  nickel).  The  reason  for  this  is  probably  that  poly- 
merfsation  occurs  and  a  large  molecule  (CoS)„  is  formed. 

4.  BaCOs  in  the  cold  and  absence  of  air  ppts.  no  cobalt.  If,  however,  an 
oxidising  agent  (Brgaq,  H2O2,  etc.)  be  added,  the  cobalt  is  oxidised  and  pptd. 
as  Co(OH)3  (cf  nickel  and  ferric  iron). 

5.  Alkali  carbonates  ppt.  a  basic  carbonate  of  varying  composition 
(soluble  in  ammonium  carbonate). 

6.  ECN  ppts.  brownish  Co(CN)2,  soluble  in  excess,  forming  a  brown  solution 
of  potassium  cobalto-cyanide. 

CoCl2  +  2KCN  =  Co(CN)2 
Co(CN)2  +  4KCN  =  K4[Co(CN)e]  (cf  Ni). 

When  this  solution  is  warmed  in  the  air  it  absorbs  oxygen  and  turns  yellow  : 

2K4Co(CN)e  +  0  +  H2O  =  2K0H  +  2K3[Co(CN)e]. 

cobalticyanide. 

Note  that  cobalt  here  reacts  much  more  like  iron  than  does  nickel.  No 
analogous  compounds  of  nickel  exist. 

The  above  oxidation  is  rapidly  completed  by  addition  of  the  usual  oxidising 
agents,  and  an  excess  of  chlorine,  etc.,  does  not  decompose  the  cobalticyanide, 

*  There  is  some  doubt  as  to  the  composition  of  this  ppt. 
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neither  do  dilute  mineral  acids.     The  cobaltocyanide,  however,  is  decomposed 
by  dilute  acids. 

K4Co(CN)e  +  4HC1  =  4KC1  +  4HCN  +  Co(CN)2. 

Potassium  cobalticyanide  is  analogous  in  its  reactions  to  potassium 
ferricyanide.  Note  especially  its  reactions  with  nickelous  and  cobaltous  salts, 
with  which  it  forms  green  nickelous  and  pink  cobaltous  cobalticyanides. 

Hence  nickel  may  be  detected  in  presence  of  cobalt  by  adding  KCN  till 
j>pts.  just  dissolve,  boiling  to  oxidise  to  cobalticyanide,  and  then  adding 
hydrochloric  acid,  when  green  nickel  cobalticyanide  is  pptd. 

7.  KNO2  followed  by  acetic  acid  ppt.  yellow  potassium  cobaltini trite. 
(In  dilute  solution  after  standing.) 

Reactions : 

1 .  CoCla  +  2KNO2  =  Co(N0y)2  +  2KC1. 

2.  2KNO2  +  2H(C2H302)  =  2KC2H3O2  +  2HNO2. 
Oxidation.       3.       Co(N02)2  +  2HNO2  =  Co(N02)3  +  NO  +  HgO. 

4.       Co(N02)3  +  3KNO2  =  K3[Co(N02)e]. 

8.  (NH4)CNS  (Vogel's  reaction)  gives,  with  strong  solutions,  a  fine  blue 
colour  of  (NH4)2[Co(CNS)4],  which  disappears  on  dilution  (double  salt  separated 
into  its  constituent  salts). 

On  the  addition  of  a  mixture  of  amyl  alcohol  and  ether  and  shaking  well, 
the  blue  compoimd  dissolves  in  the  upper  alcoholic  layer,  which  is  coloured 
blue.  This  reaction  is  exceedingly  sensitive,  and  serves  for  the  detection  of 
traces  of  cobalt  in  nickel  salts,  provided  that  iron  is  absent ;  the  red  Fe(CNS)3 
interfering.  Iron  may,  however,  be  pptd.  after  the  addition  of  the  alcohol- 
ether  layer,  by  adding  sodium  carbonate  solution. 

The  blue  sulphocyanate  solution  in  amyl  alcohol-ether  has  a  very  char- 
acteristic absorption  spectrum.  Observe  it.  Also  note  the  flames  of  sodium 
potassium,  barium,  strontium,  and  calcium  through  the  solution,  and  explain 
.  what  you  see.  Cobalt  glass  has  a  somewhat  similar  absorption  spectrum  and 
is  similarly  used. 

9.  a-Nitr080  /S-naphthol  ppts.  red  cobaltinitroso  /3-naphthol  from  solutions 
of  cobalt  salts  acidified  with  jicetic  acid.     (Complete  separation  from  nickel.) 


GROUP  IV. 
Group  reagent,  (NH4)2C03  in  presence  of  NH4CI. 

Barium,  Strontium,  Calcium. 

These  three  metals  are  chemically  very  much  alike,  and  the  separation 
depends  merely  on  differences  in  solubility  between  various  very  similar 
salts. 

BARIUM,  Ba  =  137-4. 

Oxides  :    BaO  basic  ;  BaOg  peroxide. 
BaO,  when  heated  to  a  dull  red  heat,  takes  in  oxygen  and  forms  BaOg, 
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which  on  being  strongly  heated  gives  up  its  oxygen  again.     (Brin's  oxygen 

2BaO  +  Oy7-»2BaO^. 
.    bright  red. 
BaOa  treated  with  dilute  acid  gives  H2O2. 

BaOj + 2Ha = HjOj + BaCl^. 

Treated  with  strong  HCl  it  gives  oxygen  (and  some  chlorine)  and  with 
strong  sulphuric  acid  oxygen  and  some  ozone. 

Dby  Tests. 

On  charcoal  before  the  blowpipe,  all  barium  salts  which  are  converted  to 
oxide  give  a  white  infusible  residue,  not  very  luminous  when  hot  {cf.  Sr  and 
Ca).    No  colour  test  is  given  with  cobalt  nitrate. 

Moistened  with  dilute  hydrochloric  acid,  barium  salts  impart  a  pale  apple- 
green  colour  to  the  flame.  The  spectrum  of  barium  has  broad  bright  lines  in 
the  orange,  yellow  and  green. 

Wet  Tests. 

1.  (NH4)2C08  ppts.  white  BaCOj,  which  settles  and  filters  much  better 
after  boiling  the  liquid.  It  is  insoluble  in  NH4CI.  BaCOj  is  very  difficult  to 
decompose  by  heat  alone. 

2.  EOH  ppts.  white  Ba(0H)2>  insoluble  in  excess,  from  moderately  strong 
solutions  (solubility  of  Ba(OH)2  =  3-7  at  18°C). 

3.  Sulphuric  adds  and  soluble  sulphates  ppt.  white  BaS04,  insoluble  in 
acids  except  hot  strong  H2SO4,  which  produces  a  bisulphate  Ba(HS04)2. 

4.  CaS04  immediately  ppts.  BaS04. 

6.  E2Cr04  ppts.  lemon-yellow  BaCr04,  insoluble  in  acetic,  soluble  in 
mineral  acids.  K2Cr207  also  ppts.  the  chromate,  though  incompletely  (for 
obvious  reasons)  except  in  presence  of  sodium  acetate. 

6.  (NH4)2C204  ppts.  white  BaC204  even  in  presence  of  acetic  acid,  unless 
the  solution  is  dilute. 

STRONTIUM,  Sr=87'6. 

Oxide,  SrO.    Basic. 
Dry  Tests. 

On  charcoal,  before  the  blowpipe,  a  white  infusible  residue  is  obtained, 
more  highly  luminous  when  hot  than  that  from  barium  (more  readily  reduced 
to  oxide). 

Moistened  with  dilute  hydrochloric  acid,  strontium  salts  colour  the  flame 
crimson.  Viewed  through  cobalt  glass  the  flame  appears  purple  (difference 
from  Ca).    The  spectrum  shows  red  lines  and  one  in  the  blue. 

Wet  Tests. 

1.  (NH4)2C08  as  with  barium. 

2.  EOH  ppts.  white  Sr(0H)2  if  the  solution  is  strong  enough. 

3.  Sulphuric  acid  and  soluble  sulphates  ppt.  white  SrS04,  insoluble  in  acids, 
as  is  BaS04.    The  solubility  of  SrS04  is,  however,  much  greater  than  that  of 


Digitized  by 


Google 


DETECTION  OF  POSITIVE  RADICALS  113 

BaS04.    Consequently,  in  dilute  solutions  the  ppt.  is  often  delayed  for  some 
time,  especially  by  HCL 

4.  Ca804  ppts.  SrS04  after  standing  for  some  time,  but  not  if  much  HCl 
is  present. 

5.  E2Cr04  ppts.  yellow  SrCr04  from  strong  neutral  solutions  only. 

6.  (HH4)2C204  ppts.  white  SrC204,  even  in  presence  of  acetic  acid,  unless 
the  solution  is  dilute. 

GALGmM,  Ca»40*l 

Oxide,  CaO.    Basic.    Readily  takes  up  moisture,  forming  Ca(0H)2. 

Dry  Tests. 

On  charcoal  before  the  blowpipe  most  Ca  salts  leave  a  residue  of  CaO, 
highly  luminous  when  hot.  If  mixed  with  fusion  mixture,  aU  calcium  salts 
do  this. 

Moistened  with  dilute  hydrochloric  acid,  calcium  salts  colour  the  flame 
brick-red.  It  is  easy,  especially  for  beginners,  to  mistake  the  calcium  for  the 
strontium  flame,  unless  the  two  are  seen  together.  An  easy  differentiation, 
however,  is  made  by  looking  at  the  flame  through  cobalt  glass  (potassioscope), 
when  it  appears  green  {cf,  strontium). 

The  calcium  spectrum  contains  lines  in  the  orange  and  yellow  and  one  in 
the  green. 

Wet  Tests. 

1.  (1154)2008  ppts.  white  CaCOg,  which  settles  better  on  boiling  the  liquid. 

2.  EOH  ppts.  white  Ca(0H)2  except  from  dilute  solutions. 

3.  H^04  ppts.  white  CaS04  ^om  fairly  strong  solutions  not  containing 
hydrochloric  acid.  CaSO^  is  readily  soluble  in  HCl,  If  the  solution  is  very 
dUute,  alcohol  as  well  as  H2SO4  should  be  added. 

4.  E2Cr04  gives  no  reaction. 

5.  (NH4)2C204  ppts.  white  CaC204  quantitatively  from  neutral  or  alkaline 
solutions,  or  from  acetic  acid  solutions.  In  the  cold  the  ppt.  is  very  fine  and 
difficult  to  Alter.  If  pptd.  at  the  boiling  point  it  is  much  denser  and  larger 
in  grain.    This  is  generally  true  of  all  insoluble  salts  of  the  alkaline  earths. 


GROUP  V. 
No  group  reagent 

Maoneshjm,  Potassium,  Sodium,  Ammonium  (Lithium  Rubidium,  Caesium). 

KAGNESnJM,  Mg=24-2. 

Oxide.    MgO.    Basic. 

Solvent  for  metal,  dilute  hydrochloric  acid. 

Dry  Tests. 

On  charcoal  with  the  blowpipe,  a  white  infusible  residue  of  MgO,  luminous 
when  hot,  is  left  by  many  magnesium  compounds,  by  all  if  fusion  mixture 
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J8  employed.     This,   moistened  with  cobalt  nitrate  and  heated  strongly, 
forms  a  pink  mass. 

Magnesium  compounds  give  no  flame-spectrum,  but  a  characteristic  spark 
spectrum. 

N.B. — Magnesium  carbonate  (native)  does  not  evolve  carbon  dioxide 
with  cold  dilute  acids.  In  this  respect  it  is  practically  unique.  It  reacts 
in  the  usual  way,  however,  when  heated.  The  dry  solid  gives  up  its  carbon 
dioxide  far  more  readily  than  any  other  of  the  alkali-earth  carbonates  when 
heated. 

Wet  Tests. 

Use  a  solution  of  magnesium  sulphate^  MgSO^,  IHfi, 

1.  NH4OH  ppts.  white  Mg(0H)2,  soluble  in  ammonium  salts  to  form  a 
complex  salt.     j^g^Qjj)^  ^  4NH4CI  =  (NHJ^Mga^  +  2NH4OH. 

Thus  ludf  the  Mg(0H)2  pptd.  by  ammonia  will  be  dissolved  by  the  ammo- 
nium chloride,  etc.,  formed  at  the  same  time. 

MgQa  -H  2NH4OH  =  Mg(0H)2  +  2NH4CI. 

2.  KOH  ppts.  white  Mg(0H)2  insoluble  in  excess. 

3.  Alkali  carbonates  ppt.  white  voluminous  MgCOj.  If  ammonium  car- 
bonate be  used,  half  the  carbonate  will  be  dissolved  in  the  ammonium  salt 
formed.  Hence  magnesium  does  not  come  in  Group  IV.  being  dissolved  by. 
the  ammonium  chloride  present. 

4.  Na2HP04,  in  the  presence  of  ammonium  chloride  and  ammonia,  ppts. 
white  crystalline  MgNH4P04,  6H2O.  From  dilute  solutions  pptn.  may  take 
some  time,  and  is  hastened  by  gently  rubbing  the  sides  of  the  test-tube  with 
a  glass  rod.  It  may  also  be  mentioned  that  microcosmic  salt  is  a  more  sensi- 
tive reagent  for  this  test  than  Na2HP04.  * 

Magnesium  ammonium  phosphate  is  a  very  characteristic  ppt.,  and  a  little 
of  it,  suspended  in  a  drop  of  the  liquid,  should  be  examined  with  a  microscope 
{Y  objective). 

Note  also  the  corresponding  arsenate. 

POTASSIUM,  E=8915. 

Oxides.    KjO  ?    basic.    K2O4  peroxide. 
Dry  Tests. 

Heated  on  charcoal,  potassium  salts  fuse  and  sink  into  the  charcoal, 
except  the  phosphate  and  borate,  which  remain  as  a  fused  bead. 

Potassium  compounds,  especially  if  moistened  with  dilute  hydrochloric 
acid,  colour  the  flame  lilac.  The  spectrum  consists  of  a  red  and  a  violet  line. 
The  flame  of  potassium  viewed  through  cobalt  glass,  appears  much  the  same 
colour  as  when  viewed  directly. 

Wet  Tests. 
Use  a  fairly  strong  solution  of  potassium  chloride. 
No  potassium  salt  is  insoluble  in  water  :  the  solubility  of  some,  however, 
is  sufficiently  limited  to  give  a  pptn.  test  in  moderately  strong  solution. 
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.   1.  Perchloric  acid,  HCIO4  ppts.  white  crystalline   KCIO4  (solubility  at 
0^C.  =  -07). 

2.  Sodium  bitartrate  or  tartaric  acid  ppt.  white  crystalline  KHC4H4OQ, 
especially  on  rubbing  the  sides  of  the  test-tube  with  a  glass  rod.  The  ppt. 
first  appears  along  the  scratches. 

KCl  +  H2(C4H40e)  =  KH(C4H40e)  +  HCI. 

(cream  of  tartar) 

As  cream  of  tartar  is  very  readily  soluble  in  mineral  acids,  it  is  necessary 
to  add  some  sodium  acetate  if  tartaric  acid  is  used,  to  replace  the  hydro- 
chloric formed  by  acetic. 

3.  HsPtCl^  ppts.  yellow  crystalline  HgPtCl^  from  fairly  strong  solutions, 
especially  on  rubbing  the  tube  as  before.  It  is  practically  insoluble  in 
alcohol. 

KgPtClg  on  ignition  decomposes  thus  : 

K2PtCle  =  2Ka  +  Pt-H2Cl2.' 

N.B. — With  potassium  iodide  the  reaction  is  uncertain,  owing  to  the 
reduction  of  the  chlorplatinic  acid  to  chlorplatinous. 

HgPtCle  +  2KI  =  H2PtCl4  +  2KC1  + 12. 

Hence  to  test  an  iodide  for  potassium,  first  convert  to  chloride  by  evapora- 
tion with  hydrochloric  acid. 

4.  Sodium  picrate  in  presence  of  sodium  carbonate  ppts.  yellow  crystalline 
potassium  picrate.  This  is  one  of  the  best  tests  for  potassium.  The  picrate 
solution  should  be  saturated  and  should  contain  sodium  carbonate,  and  the 
potassium  solution  must  h^  free  from  amynonium  salts  (q.v.) 

5.  Camot's  reaction — To  a  few  drops  of  a  solution  of  Bi(N03)3  add  a  few 
drops  of  sodium  thiosulphate  and  several  c.cs.  of  alcohol.  A  double  salt, 
Na3[Bi(S203)3],  is  formed,  which  with  solutions  of  potassium  salts  forms  the 
corresponding  potassium  salt  as  a  canary-yellow  ppt. 

Ammanium  salts  mtist  be  absent. 

6.  De  Eoningh's  reagent,  Na3[Clo(N02)6],  ppts.  yellow  K3[Co(N02)6].  (See 
under  cobalt.) 

7.  H^iF^  in  excess  ppts.  gelatinous  KgSiF^j,  except  with  KOH  and  K2CO3, 
when  a  ppt.  of  silicic  acid  is  formed. 

8.  Potassium  peroxide  gives  a  rapid  evolution  of  oxygen  when  treated 
with  water. 


SODIUM,  Na=23  05. 

Oxides,    iVa20(?)  basic.     Na202  peroxide. 
•  Dry  Tests. 

Heated  on  charcoal,  sodium  salts  melt  and  run  into  the  charcoal,  except 
the  phosphates  and  borates,  which  give  a  fused  bead. 

The  flame  is  coloured  intense  yellow  by  all  sodium  compounds,  especially 
when  moistened  with  dilute  hydrochloric  acid.    Viewed  through  cobalt  glass 
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the  sodium  flame  is  invisible,  as  this  particular  yellow  is  absorbed  by  cobalt 
blue.  Hence  the  potassium  flame  can  be  seen  in  the  presence  of  the  sodium 
£ame  by  using  the  glass.  It  is  an  exceedingly  delicate  test  for  potassiimi, 
however,  and  must  therefore  be  used  with  caution  by  the  student.  With 
cobalt  glass  it  is  possible  to  detect  potassium  in  puriss,  anhydrous  sodiimi 
carbonate.  A  pptn.  test  for  potassium  should  therefore  always  be  obtained 
as  well  as  the  flame  test. 

Wet  Test. 

1.  K2H2Sb207  (pyroantimoniate)  produces  in  neutral  solutions  a  heavy 
white  crystalline  ppt.  of  the  sodium  salt  (Rub).  The  solution  tested  must 
not  be  acid,  or  pyroantimonic  acid  is  pptd.,  and  no  other  metal  than  the 
alkalis  must  be  present.     The  reagent  solution  should  be  freshly  prepared. 

•     SODIUM  PEROXIDE. 

Na20f  is  much  used  as  an  oxidising  agent.  Treated  with  water,  it  reacts 
thus : 

Na^Oj  +  2IL^0 = 2NaOH  +  H^O^ 

and  the  heat  of  the  reaction  decomposes  most  of  the  HgOg,  causing  a  violent 
evolution  of  oxygen,  imless  the  heating  up  of  the  solution  is  avoided. 
The  reactions  of  hydrogen  peroxide  are  given  here. 

I.     In  acid  solution, 

1.  Chromic  add  gives  a  blue  colour,  soluble  in  ether.  (See  under  Chromic 
•acid.) 

2.  Titanium  sulphate  gives  a  yellow  colour. 

(Make  the  titanium  sulphate  by  fusing  commercial  TiOs  with  considerable 
excess  of  KHSO4,  and  dissolving  the  melt  in  cold  dilute  sulphuric  acid. 

3.  HMn04  is  decolorised  with  evolution  of  oxygen. 

2KMn04  +  3H2SO4  +  4H2O2  =  K,S04  +  2MnS04  +  SRfi  +  50,. 

Many  oxides  are  abo  reduced  by  H^Oj,  e.g.,  Ag^O,  PbO,,  etc. 

4.  MnOj  decomposes  HgO,  catalytically. 

II.     In  alkaline  solution, 

1.  Many  metaUio  hydrozidefi,  especially  Mn(0H)2,  Ni(0H)2,  Co(OH)2  and 
Fe(0H)2  are  oxidised  by  H2O2  as  we  have  seen  under  each  metal. 

2.  Audg  is  reduced  to  Au,  with  evolution  of  oxygen.  The  gold  appears  as 
a  brown  or  greenish  colloidal  solution. 

3H2O2  +  2Aua8  +  6NaOH  =  GNaQ  +  6H2O  +  3O2  +  2  Au. 

AMMONIUM,  NHf. 

Anmionium  salts  show  a  great  resemblance  to  potassium  salts  in  all  their 
wet  tests. 
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Dry  Tests. 

On  charcoal  all  ammonium  salts  are  completely  volatile,  with  or  without 
decomposition,  except  those  of  non- volatile  acids,  in  which  case  the  acid  or 
acid  anhydride  will  be  left. 

Such  are  the  phosphate,  borate,  chromate,  molybdate,  vanadate  and  tungs- 
tate.  Ammonium  salts  of  oxyacids  often  sufEer  complete  decomposition 
when  heated  in  a  dry  tube.  Thus  the  nitrate  gives  off  N^O  and  water,  the 
dichromate  gives  nitrogen,  water  and  a  residue  of  chromic  oxide,  CrjOg,  and 
the  sidphate  gives  nitrogen,  ammonia,  water  and  sulphur  dioxide. 

NH4N03  =  2H20  +  N20. 

NH4N02  =  2H20  +  N,. 
3(NH4)2S04  =  Ng  +  4NH8  +  6HjO  +  SSOg. 
(NR^)J0t^O^  =  4H,0  +  Njj  +  CrjOj. 

All  ammonium  salts  ground  in  a  mortar  with  lime  give  off  ammonia 
(difference  from  amides). 

Wet  Tests. 

1.  NaOH  or  EOH  solution,  boiled  with  ammonium  salts,  give  off  ammonia. 
(Amides  also  give  off  ammonia  when  thus  treated.) 

2.  HsPtde  ppts.  yellow  (NH4)2PtCl«  very  similar  to  the  potassium  salt. 
On  ignition,  however,  platinum  only  is  left. 

'    (NH4)2PtCle  =  2NH3  +  2HCl  +  2Cl2  +  Pt. 

3.  Tartaric  add  or  NaHCCAOe)  as  with  potassium. 

4.  Sodium  picrate  ( +  NajCOg)  also  gives  a  ppt.  resembling  the  corresponding 
potassium  salt. 

5.  Nessler's  reagent  (a  solution  of  mercuric  potassium  iodide  in  excess  of 
potash)  gives  a  brown  ppt.  If  ammonia  is  present  in  small  quantity  only,, 
a  yellow  coloration  is  obtained. 

Ttis  is  one  of  the  most  delicate  reactions  in  inorganic  chemistry.  By 
means  of  this  reagent  ammonia  is  readily  distinguished  in  ordinary  distilled 
water,  and  the  reagent  is  employed  in  estimating  ammonia  rather  than  in 
detecting  it. 

UTHnni,  Li » 708. 

Lithium  is  the  commonest  of  the  rare  alkali  metals.  It  occurs  in  petalite 
and  lepidolite  and  many  other  silicates,  whence  it  sets  into  many  mineral* 
spring  waters.    It  can  sometimes  be  detected  in  toDlcco-ash. 

Dry  Tests. 

On  charcoal,  as  with  other  alkali  metals.  The  flame  test  gives  a  magnifl- 
cent  crimson  flame ;  in  presence  of  sodium  it  is  observed  through  cobalt 
glass.  The  spectrum  consists  of  a  brilliant  red  line  and  a  faint  orange 
one. 
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Wet  Tests. 
Use  a  solution  of  lithium  chloride. 

1  and  2.  Neither  HsPtCl^  nor  tartaric  acid  give  ppts. 

3.  Na2HP04  ppts.  white  Li3P04  from  fairly  strong  solutions  on  boiling. 
This  phosphate  is  fusible. 

4.  (NH4)2C08  and  NH4OH  ppt.  from  strong  solutions  white  LigCOg,  except 
in  presence  of  much  alkali  chloride  or  NH4CI. 

5.  Lithium  chloride  is  soluble  in  alcohol,  ether  and  amyl  alcohol.  (Differ- 
ence from  the  other  alkali  chlorides.)  On  this  fact  depends  the  separation 
of  lithium  from  sodium. 
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CHAPTER  III. 

DETECmON   AND    SEPARATION   OF   THE   NEGATIVE   RADICALS 
(ANIONS).    PRINCIPALLT  ACID  RADICALS. 

DIVISION  OF  RADICALS  INTO  GROUPS.  (BUNSEN.) 

Group  I. — Acids  whose  silver  salts  are  insoluble  in  water  and  nitric  acid, 
but  whose  barium  salts  are  soluble  in  water.  These  give  a  ppt.  with  AgNO, 
in  presence  of  HNO3,  and  no  ppt.  with  BaCl2.  These  are : — Hydrochloric, 
hydrobromic,  hydriodic,  hydrocyanic,  tydroferricyanic,  hydroferrocyanic, 
thiocyanic  and  hydrosulphuric  (HjS),  and  hypochlorous  acids. 

Group  II. — ^Acids  whose  silver  salts  are  soluble  in  nitric  acid  but  not  in 
water,  and  whose  barium  salts  are  soluble  in  water.  These  therefore  give  a 
ppt.  with  silver  nitrate  in  netUral  solutions,  and  no  ppt.  with  barium 
chloride.  These  are  : — ^Nitrous,  hypophosphorous,  acetic,  formic  and  cyanic 
acids. 

Group  III, — Acids  whose  silver  salts  are  white,  insoluble  in  water,  soluble 
in  nitric  acid,  and  whose  bariuni  salts  are  insoluble  in  water,  soluble  in  nitric 
acid.  These  give  ppts.  both  with  silver  nitrate  and  barium  chloride  in  neutral 
solution.  These  are : — Sulphurous  (selenious  and  tellurous),  phosphorous, 
carbonic,  oxalic,  tartaric,  citric,  iodic,  boric,  molybdic  (selenic  and  telluric), 
meta-  and  pyrophosphoric  acids. 

Group  IV. — Acids  whose  silver  salts  are  coloured,  solubility  as  in  III. 
and  whose  barium  salts  are  soluble  as  in  III.  These  are  : — Orthophosphoric, 
arsenious,  arsenic,  chromic,  periodic,  thiosulphuric  (and  vanadic)  acids. 

Group  V. — Acids  whose  silver  and  barium  salts  are  both  soluble  in  water 
and  yield  no  ppt.  with  either  reagent.  These  are : — Nitric,  chloric  and 
perchloric,  persulphuric  and  permanganic  acids. 

Group  VI. — Acids  whose  silver  salts  are  soluble  in  water,  but  whose 
bariimi  salts  are  insoluble  in  nitric  acid.  They  yield  a  ppt.  with  barium 
chloride  in  presence  of  nitric  acid.  These  are  :--Sulphuric,  hydrofluoric  and 
fluosilicic  acids. 

Group  VII,  contains  non- volatile  acids  whose  only  soluble  salts  are  those 
of  the  alkalis.  These  are : — Silicic,  tungstic,  titanic  and  tantalic  acids. 
(Also  several  others  rarely  met  with,  as  zirconic  and  niobic). 

The  detection  of  the  acids  is  divided  into 

(a)  Preliminary 'tests. 

(6)  Confirmatory  tests. 

119 
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The  preliminary  tests  consist  of  the  treatment  of  the  dry  salt  with  : 

(i)  Dilute  hydrochloric  add,  with  the  object  of  obtaining  the  free  acid  if 
it  is  volatile,  insoluble  or  unstable,  etc.  Such  acids  are  : — Carbonic,  nitrous, 
h3rpochlorous,  chloric,  sulphurous  and  thiosulphuric,  acetic,  cyanic,  and  some 
salts  of  hydrosulphuric  (HjS)  and  hydrocyanic  acids. 

(ii)  Strong  sulphuric  acid,  with  the  object  of  obtaining  the  free  acid  (or 
its  decomposition  products)  in  cases  where  the  salt  is  not  attacked  by  dilute 
hydrochloric  acid. 

Such  acids  are  : — Hydrofluoric,  and  nearly  aU  salts  of  hydrochloric,  hydro- 
bromic  and  hydriodic ;  chloric,  perchloric,  permanganic,  nitric,  hydrosulphuric, 
and  the  foUowing  organic  acids : — Ferrocyanic,  ferricyanic,  hydrocyanic, 
thiocyanic,  formic,  acetic,  oxalic.  Also  those  acids  already  mentioned  as 
giving  reactions  with  dilute  hydrochloric  acid. 

(iii)  Salts  of  non-vohitile  mineral  acids  naturally  give  no  recognisable 
reaction  with  either  (i)  or  (ii),  e.g.  phosphoric,  boric,  sulphuric,  arsenic,  chromic, 
molybdic,  tungstic,  vanadic,  etc.,  abo  iodic  acid. 

To  carry  out  the  above  tests  upon  a  solid  salt,  one  or  two  grams  of  the 
finely  powdered  salt  are  placed  in  a  dry  test-tube  and  the  reagent  added.  If 
nothing  happens  when  cold,  heat  gently.  A  gas  evolved  is  tested  in  the 
usual  ways,  or  treated  with  a  drop  of  the  required  reagent  on  a  glass  rod  or 
in  the  loop  of  a  platinum  wire.  Or  the  reagent  may  be  in  another  test- 
tube,  and  the  gas  allowed  to  flow  in  either  by  gravity  or  through  a  delivery 
tube. 

Many  substances  give  ofl  sulphur  dioxide  when  heated  with  strong  sul- 
phuric acid.  Such  a  reaction  is  not  conclusive  of  the  presence  of  a  sulphur 
acid.  It  is  generally  due  to  the  action  of  a  reducing  agent  or  the  sulphuric 
acid.  This  is  especially  the  case  with  insoluble  sulphides,  which  evolve  HgS 
in  the  first  instance.    This  is  immediately  oxidised  by  the  H2SO4  thus : — 

HgS  +  H2SO4  =  HgS04  +  HjS 
HjS  +  3H^04 = 4S0j,  +  4H,0. 


REACTIONS  OF  THE  ACID  AND  NON-METALLIC  RADICALS. 

GROUP  I. 

Hydrochloric  Acid. 

Use  dry  sodium  chloride  for  1  and  2,  and  a  sdiUion  of  it  for  the  rest. 

1.  Dilute  HCL— No  reaction. 

2.  Strong  H^04  causes  evolution,  with  eflervescence,  of  colourless  HCl 
gas,  which  fumes  strongly  in  air  (moisture)  and  reddens  blue  litmus  paper. 
Some  chlorides  give  the  reaction  only  when  heated,  and  a  few  give  it  with 
difficulty  or  not  at  all ;  these  are  stannous,  mercurous  and  lead  chlorides. 
The  two  former  yield  SO^  (reducing  agents).  Manganese  dioxide  mixed 
with  the  chloride  and  treated  with  strong  sulphuric  acid  causes  evolution  of 
chlorine,  recognised  by  its  smell  and  its  bleaching  action  on  wet  litmus  paper. 
Again,  stannous  and  mercurous  chlorides  wiU  not  give  this  reaction,  but  they 
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evolve  chlorine  if  powdered  potassium  bichromate  be  used  instead  of  man- 
ganese dioxide,  and  the  mixture  is  heated  with  strong  sulphuric  acid. 
(Chromyl  chloride  [g^.t;.,  p.  68]  is  formed  at  the  same  time.) 

3.  AgNOs  in  neutral  solution  gives  a  white  ppt.  of  AgCl,  insoluble  in 
dilute  nitric  acid,  soluble  in  anmionia. 

4.  BaCOf  gives  no  reaction. 

N,B — Strong  hydrochloric  acid,  added  to  BaCl^  solution,  gives  a  crystal- 
line ppt.  of  Ba(^,  an  example  of  the  Mass  Law  as  applied  to  the  ''  solubility 
product  "  (see  p.  76).     This  ppt.  dissolves  on  dilution  with  .water. 

Hydrobromio  Acid,  HBr. 

Use  potassium  bromide,  solid  for  1  and  2,  in  aqueous  solution  for  remainder, 

1.  pilnte  HO  gives  no  visible  reaction. 

2.  Strong  H^04  causes  efiervescence,  with  evolution  of  white  fumes  of . 
HBr  and  orange  coloured  bromine  vapour.    The  production  of  the  free  brom- 
ine is  due  to  the  oxidation  of  the  HBr  by  the  strong  sulphuric  acid,  thus  r 

2HBr  +  H^O^  =  2H2O  +  SO,  +  Br,. 

A  few  bromides  require  that  the  mixture  be  warmed  before  the  above 
reactions  take  place.  The  addition  of  MnO,  causes  the  evolution  of  bromine 
more  readily.    Compare  HgjBr,  and  PbBrj. 

3.  AgNOs  PP^*  ^^^  P^  yeUow  AgBr,  insoluble  in  nitric  acid,  soluble  in 
ammonia,  but  not  so  readily  as  the  chloride. 

4.  BaCfls  gives  no  reaction. 

5.  Chlorine  water  (a  very  little)  added  to  a  dilute  solution  of  a  bromide 
sets  free  bromine.  A  little  CS,  or  chloroform  added  and  shaken  up  dissolves 
this  bromine,  and  sinks  to  the  bottom  as  an  orange  globule.  Excess  of 
chlorine  water  decolorises  the  globules  owing  to  the  oxidation  of  the  bromine 
to  bromic  acid. 

Brg  +  SOj  +  6HaO = 2HBr08  +  lOHCl . 

^  Hydriodio  Acid,  HI. 

Use  solid  Kl/or  1  and  2,  a  solution  of  it  in  water  for  the  rest, 

1.  Dilute  HO  gives  no  reaction. 

2.  Strong  H^04  causes  efiervescence,  with  evolution  of  white  fumes  of 
HI  and  violet  fumes  of  free  iodine.  The  iodine  is  produced  by  the  oxidation 
of  HI  by  the  H2SO4.  HI  is  a  powerful  reducing  agent,  and  part  of  the  H2SO4 
is  reduced  to  HjS,  which  can  be  smelt,  or  tested  for  by  a  filter  paper  moistened 
with  lead  acetate. 

2HI  +  HjS04 = 2Hj|0  +  SOj  +  Ig, 
also  SHI  +  H2SO4  =-  HgS  +  4HjO  +  «,. 

Note  that  neither  of  the  iodides  of  mercury  will  give  this  reaction,  and 
lead  iodide  only  on  heating. 

3.  AgNOs  ppts-  yellow  Agl,  insoluble  in  nitric  acid,  almost  insoluble  in 
ammonia.  It  is  soluble  in  KCN  and  in  NagSjOg  solution  (photographic 
reactions). 

Silver  chloride  reacts  with  soluble  iodides,  forming  Agl. 
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4.  Lead  acetate  or  nitrate  ppts.  yeUow  Pbl,,  soluble  in  much  hot  water 
to  a  colourless  solution,  pptg.  fine  golden  scales  on  cooling. 

5.  C11SO4  ppts.  white  cwprous  iodide  CU2I2  and  free  iodine,  the  whole  appear- 
ing as  a  brown  mixture. 

2CUSO4  +  4KI  =  CujjIa  +  K2SO4  +  Ijj. 

If  excess  of  SO2  solution  be  added,  the  iodine  is  reduced  to  HI,  and  the 
white  Cujla  is  seen. 

I2  +  2Hj|0  ^  SO2 = 2HI  -f.  H2SO4. 

6.  HNO2. — If  sodium  nitrite  be  added  to  an  iodide  solution  and  then  some 
dilute  HCl  {i.e.  free  nitrous  acid  is  formed),  iodine  is  set  free  (difference  from 
chlorides  and  bromides). 

2HNO2  +  2HI  =  2N0  + 12  +  2H2O. 

7.  Kfitjdi  i^  presence  of  dilute  apids  sets  free  iodine  from  iodides. 

K2Cr207  +  6KI  -\-  7H2SO4  =  4K2SO4  +  Cr2(S04)3  -f-  3I2  +  7H2O. 

8.  Chlorine  water  sets  free  iodine  from  iodides.  Carry  out  the  test  as  for 
bromides.  No.  5.  Excess  of  chlorine  water  decolorises  the  violet  globule  of 
iodine  in  CSg,  owing  to  the  oxidation  to  HIO3. 

I2  +  5CI2  -f.  6H2O  =  lOHCl  -h  2HI. 

If  a  large  quantity  of  iodine  is  present,  some  ICI3  is  formed.  This  gives 
an  orange  solution  in  water,  which  reacts  with  ammonia  to  give  a  black  ppt. 
of  nitrogen  iodide  of  doubtful  composition. 

Bromine  water  acts  similarly. 

Detection  of  hydrochloric,  hydrobromic  and  hydriodic  adds  in  the  presence 

of  one  another. 

Use  a  mixture  of  KCl,  KBr  and  KL 

1.  Some  of  the  solid  is  ground  up  with  some  potassium  dichro^nate  and 
warmed  gently  with  strong  sulphuric  acid.  A  mixture  of  the  vapours  of 
bromine,  iodine  and  chromyl  chloride  is  evolved.  If  the  chromyl  chloride  be 
aUowed  to  flow  into  water  in  another  test-tube,  it  is  converted  into  chromic 
acid. 

4KC1  +  K2Cr207  +  6H2SO4 = 6KHSO4  +  2Cr02Cl2  +  3H2O, 
and  then  CrOjCl,  +  2H2O  =  H2Cr04  +  2HC1. 

The  chromic  acid  is  tested  for  in  this  solution  by  adding  ammonia  till 
alkaline  (this  destroys  free  bromine,  2NH3  +  3Br2  =  6HBr  +  Ng),  acetic  acid 
till  acid  and  then  some  barium  chloride  solution.  Lemon-yellow  barium 
chromate  is  obtained. 

N,B. — Iodine  will  mostly  condense  on  the  cool  parts  of  the  tube  in  which  the  reaction 
is  carried  out.  Lead  acetate  is  not  used  to  test  for  the  chromic  acid,  because  of  the  chloride 
which  will  also  be  present. 

Neither  bromides  nor  iodides  give  similar  reactions  to  this  chromyl  chloride 
t^t. 
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The  bromide  and  iodide  are  detected  as  follows  : 

To  some  of  the  very  dilute  solution  is  added  CSj  and  one  drop  of  chlorine 
water.  Iodides  are  acted  upon  first,  and  on  shaking  well  the  CSj  is  coloured 
violet.  Cautious  addition  of  chlorine  water  now  decolorises  the  iodine  (see 
under  HI)  and  then  the  colour  due  to  bromine  appears. 

Slight  traces  of  iodide  might  be  missed,  if  excess  of  chlorine  were  contained 
in  one  drop  of  chlorine  water.  Nitrojis  acid  or  potassium  dichromate  and 
sulphuric  acid  may  be  used  instead.  These  react  with  iodides,  not  with 
bromides.  The  bromide  would  be  detected  with  chlorine  water  afterwards 
as  above. 

Another  method  due  to  Caven  is  given  as  follows  (J.  Soc.  Chem.  Ind, 
1909,  28,  505) 

Acidify  the  mixed  halide  solution  with  dilute  sulphuric  acid  and  add 
sodium  nitrite  solution.    Boil. 


Brown  solution  or 
black  ppt.  =  iodide. 
Cf,  by  holding  a  wet 
glass  rod  dipped  in 
starch  in  the  vapour. 
The  starch  is  col- 
oured purple. 


Continue  boiling,  adding  more  NaNOj  if  necessary, 
till  all  iodine  is  expelled.     Neutralise  with  Na^CO 
and  evaporate  just  dry.    Add  Sees,  of  diluje  HNO 
and  just  boil. 


I      A  brown   colour 

I  shows  bromide.   Cf. 

by  cooling  part  of 

the    solution    and 

shaking  with  CS2. 


Boil  rest  of  solution  till  all 
bromide  is  expeUed,  adding 
more  dilute  HNO3  to  keep  up 
the  volume. 

Add  AgNO,.  White  ppt. 
soluble  in  ammonia  =  chloride. 


DETECnON  OF  FREE  HALOGENS. 

A.  Chlorine. 

Detected  by  smell,  by  testing  with  an  iodide  or  bromide  as  above,  or  by 
conversion  to  chloride  by  adding  excess  of  ammonia. 

AgNOs  I'^cte  thus : 

3HjO  +  SCl^  +  6AgN03  =  3AgCl  +  3AgC10  +  6HNO3, 
and  after  a  short  time  3AgC10  =  AgClOg  +  2AgCl. 

HO  in  the  iiresenoe  of  chlorine  may  be  detected  by  shaking  with  metallic 
mercury  till  the  smell  of  chlorine  disappears. 

2Hg  +  Cl,  =  HgaCl,. 

Filter  and  test  the  filtrate  for  HCl. 

B.  Bromine. 

By  precisely  similar  methods  as  under  A  for  chlorine. 

C.  Iodine. 

Starch  solution  is  coloured  blue  by  free  iodine  in  the  presence  0/  a  soluble 
iodide.    Heat  destroys  the  blue  colour. 

CS{  or  Chloroform  is  coloured  purple  by  free  iodine. 
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Hypochlorous  Acid,  HdO. 

Use  bleaching  potvder,  solid  or  filtered  soliUiorif  as  necessary, 

1.  Dilute  HO  is  oxidised  to  chlorine. 

HClO  +  HCUHaO  +  aj. 

2.  Sulphurio  acid  sets  free  hypochlorous  acid. 

NaOa  +  H2SO4 = NaHS04  +  HOQ. 

(Carbonic  and  nitric  act  similarly.) 

If  a  chloride  is  also  present,  as  is  almost  altoays  the  case,  chlorine  is  then 
evolved. 

Ha  +  HClO^HgO  +  Cla. 

3.  Metallic  mercury  reacts  with  free  HCIO  to  form  a  brown  basic  mercuric 
chloride. 

2Hg  +  2HaO = HgO,  HgOg  +  H2O. 

By  taking  advantage  of  this,  free  chlorine  and  free  HCIO  can  be  detected 
in  the  presence  of  one  another. 

2Hg  +  a2  =  Hg2a2 
2Hg  +  2HC10  =  HgjCljO  +  H,0. 

Shake  with  mercury  till  no  HCIO  is  left,  and  filter.  Treat  the  ppt.  with 
warm  dilute  HCl.  This  dissolves  the  basic  chloride,  leaving  untouched  the 
white  mercuious  chloride. 

Hg^QaO  +  2HC1  =  2Hga2  +  H^O. 

Mercury  may  be  detected  in  the  filtrate  in  the  usual  way. 

Salts  of  hypochlorous  acid  react  differently  with  mercury. 

Iodide-starch  i»aper  is  turned  blue  by  hypochlorites  in  weakly  alkaline 
solutions. 

Many  metallic  hydroxides  are  acted  upon  by  hypochlorites  in  alkaline 
solution  to  form  the  peroxides  (or  higher  oxides).  Difference  from  chlorates. 
Thus  Fe(0H)2,  Mn(0H)8,  Ni(0H)2  and  Co(OH)2  are  so  affected.  The  last 
named  peroxide  on  warming  catalytically  decomposes  more  hypochlorite 
with  evolution  of  oxygen. 

Hydrocyanic  (pmssic)  Add,  HON. 
Use  potassium  cyanide,  KCN. 

1.  Dilate  Hd  sets  free  HCN  from  all  soluble  cyanides  (except  mercuric), 
recognised  by  its  odour  of  bitter  almonds.  It  is  intensely  poisonous,  and  is 
the  more  dangerous  on  account  of  the  curious  fact  that  about  one  person 
in  three  is  unable  to  detect  it  by  smell. 

2.  Strong  H^04  decomposes  all  cyanides  on  warming,  with  evolution  of 
CO. 

HCN  is  the  nitrile  of  formic  acid,  to  which  it  is  hydrolysed  by  the  sulphmio  acid. 
HCN+2H,0=H .  CO  .  ONH4  (ammonium  formate).    The  formic  add,  H .  CO  .  OH 
set  free  is  then  decomposed  by  sulphuric  acid  in  the  usual  way  (see  under  Formic  acid). 

H.CO.OH-H,0=CO. 


Digitized  by 


Google 


DETECTION  OF  NEGATIVE  RADICALS  125 

Hg(CN)2  yields  CO,  CO,  and  SO,  with  hot  strong  H2SO4,  owing  to  its 
partial  decomposition  into  Hg  and  CgNj  at  the  temperature  of  the  reaction. 
The  former  dissolves  in  the  sulphuric  acid  in  the  usual  manner. 

Hg  +  2H^04  =  HgSO^  +  2H2O  +  SO2,  (1) 

and  the  cyanogen  reacts  thus : 

C^N,  +  HjjSO^  +  SHjjO  =  CO  +  CO,  +  (NH4),S04,  (2) 

adding  (1)  and  (2)  we  obtain,  as  the  resultant  action, 

Hg(CN),  +  3H^04  +  HjO = HgS04  +  (NH4)^04  +  CO  +  CO, + SO,. 

3.  AgNOa  added  dropwise  to  a  soluble  cyanide  (except  mercuric)  gives 
a  white  ppt.  of  AgCN  which  immediately  dissolves  in  excess  of  the  cyanide. 

KCN  +  AgNOa = AgCN  +  KNO3. 

AgCN  +  KCN  =K[Ag(CN)2]  (ionised  as  indicated). 

When  aU  the  cyanide  has  been  converted  into  the  complex  cyanide, 
further  addition  of  AgNOj  gives  a  permanent  ppt.  of  AgCN. 

K[Ag(CN)J  +  AgN03=KN03  +  2AgCN. 

AgCN  is  insoluble  in  dilute  HNO3,  though  somewhat  soluble  in  the  strong 
acid,  and  soluble  in  anmionia,  thiosulphate  and  soluble  cyanide.  It  is  dis- 
tinguished &om  AgCl,  etc.,  which  it  very  much  resembles,  by  its  decomposition 
by  strong  HCl. 

Ha  +  AgCN = HCN  +  Aga. 

When  strongly  ignited  it  gives  off  CgN,  and  leaves  metallic  silver. 
Very  small  quantities  of  cyanide  can  be  detected  with  certainty  by  the 
foUowing  reactions. 

4.  Fe(OH)|. — The  soluble  cyanide  is  boiled  with  freshly  pptd.  ferrous 
hydroxide  obtained  by  adding  a  few  drops  of  KOH  to  a  little  freshly  made 
ferrous  sulphate  solution. 

Fe(OH)  J  +  2KCN  =  Fe(CN)3  +  2K0H 
Fe(CN)2  +  4KCN  =  K4[Fe(CN)  J. 

The  solution  is  then  made  acid  with  HCl,  and  a  few  drops  of  FeCl3  then 
produce  a  ppt.  of  prussian  blue  (ferric  ferrocyanide). 

(Owing  to  the  presence  of  ferric  iron  even  in  freshly  made  ferrous  sulphate,  the  blue 
ppt.  is  usually  obtained  on  acidifying  with  HCL) 

5.  (NH4)aS2  (yellow  ammonium  sulphide)  or  other  alkaline  polysulphide 
converts  a  cyanide  into  a  thiocyanate. 

KCN  +  (NH4)3S2  =  KCNS  +  (NH4)3S. 

Evaporate  to  dryness  a  few  drops  of  each  solution  in  a  porcelain  basin 
on  the  water-bath.  Acidify  with  dilute  HCl  (to  destroy  sulphide)  and  add 
dilute  FeClg  (one  or  two  drops).  The  characteristic  blood-red  Fe(CNS)3 
is  obtained. 

6.  For  action  of  HgO  see  under  complex  cyanides. 
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Cyanogen. 

When  cyanides  are  heated  the  actions  fall  into  three  classes. 

(1)  Alkali  and  alkali  earth  cyanides  melt  without  decomposition,  but  will 
absorb  oxygen  from  air  (or  from  metallic  oxides  ;  hence  excellent  reducing 
agents). 

KCN  +  0  =  KCNO  (cyanate). 

2.  Cyanides  of  noble  metals  (Ag  and  Hg)  evolve  cyanogen  gas  and  leave 
the  metal. 

3.  Cyanides  (simple)  of  the  divalent  metals  generally  evolve  Ng  and  leave 
either  the  metallic  carbide  or  the  metal  and  carbon. 

Cyanogen  burns  with  a  characteristic  "  peach  blossom  "  flame,  and  is 
excessively  poisonous.  In  some  of  its  reactions  it  is  very  like  the  halogens  ; 
thus  with  alkalis  we  get  a  mixture  of  cyanide  and  cyanate. 

2K0H  +  C2N2  =  KCN  +  KCNO  +  H^O. 

The  complex  csranogen  acids. 

Hydroferrocyanic  acid  H4[Fe(CN)Q]. 

Use  K4[Fe(CN)e]. 

Dry  Tests. 
On  ignition  ferrocyanides  yield  iron  carbide,  a  cyanide  and  nitrogen. 
K4Fe(CN)e  =  4KCN  +  ¥eC^  +  N2, 
thus  behaving  as  a  mixture  of  the  two  cyanides. 

Wet  Tests. 

1.  Dilute  HCl  has  no  visible  action  unless  boiled,  when  HCN  is  evolved. 

2.  Strong  H^04  on  warming  yields  CO.  (For  reactions  see  under 
cyanides). 

3.  AgNOs  ppts.  white  Ag4Fe(CN)g,  insoluble  in  dilute  HNO3  and  ammonia  ; 
oxidised  by  strong  HNO3  to  silver  ferricyanide  (reddish-brown),  soluble  in 
ainmonia. 

4.  BaClj  gives  no  ppt. 

5.  Ferric,  ferrous,  cupric  and  uranyl  salts  all  give  characteristic  ppts. 
described  under  each  metal. 

Insoluble  ferrocyanides,  which  comprise  all  except  those  of  the  alkalis 
and  alkaline  earths,  are  decomposed  by  boiling  with  KOH,  diluting,  filtering, 
acidifying  the  filtrate  with  HCl,  and  testing  for  ferrocyanide.  The  base  is 
found  on  the  filter,  with  the  exception  of  zinc,  which  will  dissolve  as  potassium 
zincate.  It  is  pptd.  by  leading  in  COg  and  filtering  off  the  insoluble  zinc 
carbonate. 

Hydroferricyanic   acid,  H3[Fe'"  (GN)e]. 

Solubility  of  salts. — All  insoluble  except  those  of  the  alkalis,  alkaline  earths 
and  the  ferric  salt. 

Use  potassium  ferricyanide. 
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Dry  Tests- 

On  ignition  ferricyanides  decompose  into  FeCg,  the  cyanide  of  the  base 
(if  stable),  cyanogen  and  nitrogen. 

2K3Fe(CN)e  =  2¥eCi  +  6KCN  +  CgNg  +  2N2. 

Wet  Tests. 

1.  Dilute  HC3  evolves  HCN  on  warming, 

2.  Strong  H2SO4  decomposes  them  with  evolution  of  CO. 

3.  AgNOs  PP^-  orange  red  Ag3Fe(CN)g,  insoluble  in  dilute  HNO3,  soluble 
in  ammonia. 

4.  BaCls  gives  no  ppt. 

5.  FeS04  PPts-  <iark  blue  ferrous  ferricyanide  Fe"[Fe»'(CN)e]2  (Turnbull's 
blue). 

6.  Fedg  gives  a  brown  coloration. 

7.  C11SO4  ppts.  green  Cu3[Fe(CN)e]2. 

8.  KOH. — In  alkaline  solutions  the  acid  is  a  strong  oxidising  agent,  and 
it  is  diflBcult  to  detect  its  presence  in  an  insoluble  compound.  Thus  if  Turn- 
bull's  blue  be  boiled  with  potash,  the  first  reaction  is 

Fe3[Fe(CN)e]2  +  6K0H  =  2K3Fe(CN)e  +  3Fe(OH)2, 

but  the  Fe(0H)2  is  oxidised  by  more  ferricyanide, 

Fe(0H)2  +  KOH  +  K3Fe(CN)e  =  K4Fe(CN)e  +  Fe(0H)3, 

and  the  solution  will  now  contain  potassium  ferrocyanide. 

Alkaline  solutions  of  ferricyanide  also  oxidise  H2S(pptg.  S),  HI(pptg.  Ij), 
H2SO3  (to  H^04),  PbO  (to  PbOa)  and  NH3  (to  Ng). 

9.  HgO  (yellow).  Almost  all  cyanides,  simple  or  complex,  (excepting 
K3Co(CN)^)  are  completely  decomposed  by  warming  the  solution  with  this 
substance. 

K4Fe(CN)e  +  3HgO  +  3H2O  =  4K0H  +  Fe(0H)2  +  3Hg(CN)2. 
Even  insoluble  ones,  thus : 

Fe4[Fe(CN)e]3  +  9HgO  +  SHjO  =  3Fe(OH)2  +  4Fe(OH)3)  +  9Hg(CN)2. 
This  reaction  is  extremely  useful  for  the  separation  of  metallic  cyanides. 

Thiocyanic  acid,  HGNS. 

Solubility  of  salts, — ^AU  soluble  except  those  of  Ag,  Hg,  Cu,  Au. 

Use  KCNS. 

Dry  Tests. 

Alkali  salts  melt  readily  when  heated,  undergo  colour  changes,  yellow, 
brown,  green,  blue,  and  become  white  again  on  cooling.  Those  of  the  heavy 
metals  are  completely  decomposed,  e.g. 

4Cu2(CNS)2  =  4CU2S  +  2CS2  +  3C2N2  +  N2. 

The  mercuric  salt  is  weU  known  as  "  Pharaoh's  serpents'  eggs." 
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Wet  Tests. 

1.  Dilute  HCl. — No  action. 

2.  Fairly  strong  H^04  causes  the  evolution  of  COS,  a  gas  which  bums 
with  a  blue  flame  similar  to  that  of  CO,  from  which  it  may  be  distinguished 
by  the  production  of  SO2  (smell). 

KCNS  +  2H^04  +  HjO  =  KHSO4  +  (NH4)HS04  +  COS. 

3.  Strong  H2SO4  decomposes  thiocyanates  with  violence  and  the  evolution 
of  various  products  besides  COS. 

4.  AgNOs  ppte*  white  AgCNS,  insoluble  in  HNO3,  soluble  in  ammonia. 

5.  Fed)  gives  a  blood-red  colour,  soluble  in  ether. 

6.  C11SO4  gives  first  an  emerald-green  colour,  then  a  black  ppt.  of  Cu(CNS)2. 
This  is  reduced  by  SO2  to  white  Cu2(CNS)2  insoluble  in  dilute  acids. 

2CUSO4  +  2H2O  +  SO2  -f-  2KCNS  =  Cu2(SCN)2  +  2KHSO4  -f-  H2SO4. 

7.  CrO(N03)2  gives  a  blue  colour,  soluble  in  a  mixture  of  amyl  alcohol  and 
ether. 

DETECTION   OF   CYANIDES   IN   PRESENCE   OF   FERRO- 
OR   FERRICYANIDES. 

Place  the  mixture  in  a  basin,  and  treat  with  cold  dilute  HCl,  and  cover  with 
another  basin  which  has  been  wetted  with  yellow  ammonium  sulphide. 
After  a  few  minutes  the  volatile  HCN  will  have  produced  NH4CNS  in  the  upper 
basin.     Test  for  this  as  under  cyanides.  No.  5. 

Hydrosulphurio  Add,  Rfi. 

Solubility  0/  stdphides. — Those  of  the  alkalis  are  soluble  in  water. 

Those  of  Mf  Cr  and  alkaline  earths  are  hydrolysed  by  water  (the  latter 
not  so  readily  as  the  former). 

The  remainder  are  insoluble  in  water,  those  of  Fe,  Mn  and  Zn  being  soluble 
in  dilute  acids. 

Dry  Tests. 

Heated  in  air,  all  sulphides  are  oxidised  with  evolution  of  SO2.  Heated 
out  of  contact  with  air,  most  are  unchanged ;  those  of  As  and  Hg  sublime,  and 
polysulphides  (e.g,  FeSj)  give  off  S. 

Wet  Tests. 
Use  potodered  812/5^  or  a  soliUion  of  Na^S  as  required. 

1.  Dilate  HO,  especially  on  warming,  causes  evolution  of  H2S,  detected 
by  its  smell  and  by  a  piece  of  filter-paper  moistened  with  lead  acetate. 

A  few  sulphides  yield  H2S  thus  with  difficulty  or  not  at  all.  Those  of 
Hg,  Ag,  Cu,  Ni  and  Co  may  be  treated  with  hot  strong  HCl ;  the  sulphides 
of  As  are  not  affected  by  this  reagent. 

2.  Strong  H2SO4  gives  SO2  on  warming. 

HgS -f- H2SO4  =  2H2O -f- S -f.  SO2, 
and  is  therefore  not  characteristic,  as  so  many  substances  reduce  strong  H2SO4. 
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3.  Molten  NaOH  reacts  with  insoluble  sulphides  giving  some  Na^.  Extract 
the  melt  with  water,  filter  and  test  for  sulphide  by  one  of  the  wet  tests. 

4.  BaCfls— No  ppt. 

5.  AgNOs  gives,  in  neutral  solutions,  black  AgjS,  insoluble  in  cold  dilute 
HNO3. 

6.  Sodium  plumbite  (add  excess  of  NaOH  to  lead  acetate  solution)  gives 
a  black  ppt.  of  PbS.  This  is  an  extremely  delicate  test,  and  may  be  used  in 
conjunction  with  3  when  an  insoluble  sulphide  is  being  dealt  with. 

7.  Metallic  Silver  is  blackened  by  HgS  and  soluble  sulphides. 

H2S  +  2Ag  +  0(air)  =  H20  +  Ag2S. 

Reaction  slow  unless  water  is  present. 

8.  Oridliring  agents. — ^Halogens,  chromic  and  nitric  acids,  ferric  salts,  etc., 
cause  a  ppt.  (generally  white)  of  S. 

9.  Sodium  nitro-iinuHdIde  gives  a  purple  colour  with  water-soluble  sulphides. 

ACIDS  OF  GROUP  H. 

Nitrons  Add,  HNOs. 

SoltibUity  of  sdlts, — All  nitrites  are  soluble  in  water.  AgNO,  sjparingly 
so  in  cold  water. 

Dry  Tests. 

Heated  on  charcoal,  nitrites  cause  deflagration. 

Wet  Tests. 
Vse  NaNO^. 

1.  Dilute  HCL — Effervescence  and  red-brown  fumes  of  N^Oj,  solution 
turning  pale-blue. 

2NaN0,  +  2Ha = 2Naa  +  2HN0,^Hj|0  +  N^Oa-^NO  +  NOg. 

2.  Strong  JifiO^  gives  somewhat  similar  reaction,  but  the  gases  are  readily 
soluble  in  the  acid. 

NgOa  +  2HjjS04 = H^O  -f-  2H(NO)S04. 

nitrotyl-sulphuric  add. 

3.  AgN02  gives  in  neutral  solution  a  white  ppt.  of  AgN02  soluble  in  dilute 
HNOj  with  evolution  of  NjOj. 

4.  Bads* — No  reactioo. 

5.  FeS04. — ^If  the  reagent  contains  any  free  acid,  the  whole  solution  turns 
black,  due  to  the  formation  of  FeS04 .  NO.  If  the  reagent  is  neutral  (which 
is  rarely  the  case,  owing  to  hydrolysis)  the  black  colour  is  at  once  produced 
by  the  addition  of  dUvte  acid,  even  acetic  (</.  nitrates). 

6.  KI  followed  by  any  acid  gives  a  ppt.  of  iodine  (or  a  brown  coloration) 

2KI  -f-  2HN0,  =  2K0H  + 1,  -f-  2N0. 

Note  that  here  the  nitrous  acid  acts  as  an  oxidiser, 

7.  Indigo  solntion  is  decolorised  by  warming  with  nitrous  acid. 

8.  KHn04  in  acid  solution  oxidises  nitrous  acid  to  nitric. 

2KMn04  +  5HNO2  +  3H2SO4  =  2MnS04  -f-  K2SO4  +  dHNOj  +  3Ufi. 
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9.  m^Phenylene^liamine  in  acid  solution  gives  a  brown  colour  (due  to 
formation  of  Bismarck  brown).    (P.  Griess.) 

10.  Bracine  dissolved   in  strong  H2SO4  gives  no  reaction  with  nitrites 
(cf.  nitrates). 

Hypophosphoroui  Acid,  HsPOa. 

All  salts  are  soluble  in  water.    The  acid  is  monobasic  only,  being  therefore 
constituted  „ 

0=-Pf^H 
^OH. 

Dry  Tests. 
Ignition  causes  loss  of  PH3  (smell)  and  formation  of  phosphate. 
2H3P02  =  PH3  +  H8P04. 
4NaH2P02  =  2PH3  +  H2O  +  Na^P^O^. 

Wet  Tests. 

1.  Dilate  HO. — No  reaction. 

2.  Strong  H2SO4  is  reduced  to  SO3  in  warming. 

3.  AgNOs  is  reduced  to  metallic  Ag. 

NaHjiPOj  +  4AgN03  +  2Ufi = H3PO4  +  NaNOj  +  4Ag  +  3HNO3 
or        2NaH3P03  +  2AgN03  +  4H3O  -  2H3PO4  +  2NaN03  +  2Ag  +  SH^, 
according  to  relative  amounts  of  each  present. 

4.  Bads* — No  reaction. 

5.  Salts  of  some  metals,  as  Co,  Hg,  An,  are  reduced  to  metal. 

6.  Strong  KOH. — On  heating  oxidises  them  to  phosphates  with  evolution 
of  hydrogen.  KH^O,  +  2K0H  =  2H3  +  K3PO4. 

•  Acetic  Acid,  CH3CO .  OH. 

Salts  are  all  soluble  :  the  silver  salt  sparingly. 
Use  sodium  acetale. 

Dry  Tests. 

1.  Heated  alone,  acetone  and  combustible  vapours  are  evolved  and  a 

carbonate   (or  oxide  according  to  circumstances)  is  left.    Silver  acetate 

leaves  the  metal. 

Ca(CH3C02)3  =  (CH3)2CO  +  CaCO,. 

2.  Heated  with  NaOH  (soda  lime)  CH4  is  evolved,  and  sodium  carbonate 
is  left. 

NaO  H  +  CH3  COjNa  =  CH4  +  NagCOj. 

3.  A83O3  mixed  with  a  dry  alkali  acetate  and  heated  forms  very  'poisonous 
and  evil-smelling  cacodyl. 

4Na(CH3CO J  +  AS3O3  =  Na^COj  +  (CH3)jAs .  0 .  As(CH3)3. 
The  reaction  is  sensitive,  but  other  fatty  acids  similar  to  acetic  give  a 
similar  reaction. 
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Wet  Tests. 

1.  Dilate  Hd  sets  free  acetic  acid,  detected  by  smeU,  especially  when 
gently  warmed. 

2.  Strong  H2SO4  gives  a  similar  reaction.  If  to  the  mixture  one  drop  of 
amyl  alcohol  be  added,  the  characteristic  smell  (Jargonelle  pear-drops)  of 
amyl  acetate  is  obtained. 

3.  AgNOs  in  strong  neutral  solutions  gives  a  white  crystalline  ppt.  of  silver 
acetate. 

4.  Feds  gives  in  neutral  solution  a  red-brown  colour,  due  to  ferric  acetate. 
On  boiling  this  is  hydrolysed,  and  a  brown  basic  ferric  acetate  is  pptd.  (quanti- 
tatively if  sufficiently  diluted). 

Fe(CH8CO,)8  -f-  2H .  OH  =:Fe(OH)2(CH8CO,)  -f-  2H4Ca02. 

Formio  Acid,  H.CO.OH. 

All  formates  are  soluble,  those  of  Ag  and  Pb  sparingly.  Use  sodium 
formate,  solid  or  solution  as  required. 

Dry  Tests. 

When  heated  formates  give  off  inflammable  vapours  and  leave  a  residue 
of  carbonate  (oxide  or  metal). 

Wet  Tests. 

1.  Dilute  Hd. — No  visible  reaction,  but  the  smell  of  formic  acid  is 
apparent  on  warming  gently. 

2.  Strong  H2SO4  evolves  CO,  due  to  the  dehydration  of  formic  acid.  The 
CO  is  recognised  by  its  characteristic  blue  flame  when  burning. 

HjC02  =  CO  +  H20. 

3.  AgNOs  in  neutral  solution,  gives  a  white  ppt.  of  silver  formate,  which 
rapidly  becomes  black,  especially  on  warming.  Formic  acid  (formed  by 
hydrolysis)  is  a  powerful  reducing  agent. 

4  Ag(CH08)  -f.  2H2O  =  4  Ag  +  2HjjO  +  200^. 

4.  FeCls  in  neutral  solution  gives  reactions  precisely  similar  to  those  given 
by  acetates. 

Cyanio  Acid,  HGNO. 

Salts  of  alkalis  and  alkali  earths  are  soluble  in  water.  The  cyanates  are 
stable  to  heat,  being  formed  when  cyanides  are  fused  with  oxidising  agents 
(or  even  in  air). 

Use  potassium  cyanate. 

Wet  Tests. 

1.  Dilate  Hd  gives  off  CO2,  caused  by  the  immediate  decomposition  of 
the  cyanic  acid  set  free. 

HCNO  +  HgO^COg  +  NHj. 

Small  amounts  of  HCNO  are  also  given  off,  recognisable  by  its  penetrating 
smell. 
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2.  Strong  H^4  acts  similarly. 

3.  AgNOs  in  neutral  solution  ppts.  white  AgCNO  soluble  in  dilute  HNO,. 

4.  Cobalt  Acetate  gives  a  blue  colour  with  soluble  cyanates. 

(1)  Co(CH,CO^j + 2KCN0 = Co(CNO), + 2K(CH5COj). 

(2)  2KCNO  +  Co(CNO)j=K,[Co(CNO)4]. 

bloe. 
If  largely  diluted  with  water,  reaction  (2)  goes  backwards  and  the  blue 
colour  disappears.    This  reaction  may  be  used  to  detect  KCNO  in  KCN. 
The  cyanide  must  first  be  destroyed  by  bubbling  COj  through  the  solution 
for  several  hours. 

KCN  +  H2CO3  =  HON  t  +  KHCO3. 

Add  alcohol,  filter  from  pptd.  KHCO9  and  add  cobalt  acetate  to  the  filtrate 
(Schneider). 

ACIDS  OF  GROTJP  m. 

AgNOj  gives  a  white  ppt.  soluble  in  nitric  acid. '  BaCls  does  the  same. 

Snlphnroui  Acid,  H^Os. 

Free  acid  unknown  except  in  solution. 

This  acid  is  tantomerio,  appearing  sometimes  to  be  constituted 

/OH  0^     /OH 

S<=-0         and  sometimes  ^S^ 

\0H  0^    "^H. 

Solubility  of  salts. — The  alkali  salts  are  soluble  in  water,  the  remainder 
either  very  slightly  so  or  insoluble.  All  easily  soluble  in  dilute  hydrochloric 
acid. 

Use  sodium  sulphite,  solid  or  solution  in  unUer,  as  required. 

Dry  Tests. 

On  ignition  out  of  contact  with  air,  all  sulphites  except  those  of  the  alkalis 
give  off  SO}  and  leave  the  metallic  oxide. 

ZnSOj^ZnO  +  SOj, 

or  the  metal  and  oxygen  if  the  oxide  is  unstable. 

Ag2S08  =  2Ag  +  SO,  +  0 
(cf.  carbonates). 

Alkali  sulphites  are  partly  oxidised  to  sulphates  at  the  expense  of  the 
other  part,  which  is  reduced  to  sulphide. 

4Na^03  =  3Na^04  +  NagS. 

A  very  high  temperature  for  some  time  is  necessary  to  complete  the 
reaction  {cf.  thiosulphates). 

Wet  Tests. 

1.  Dilute  HO  gives  ofi  SO2  in  the  cold,  recognised  by  its  odour. 

NajjSOj  +  2HC1  =  2Naa  +  H^O  +  SOj. 
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2.  Strong  H^04  reacts  similarly,  but  more  vigorously. 

3.  AgNO,  ppts.  white  Ag^SOs  from  neutral  solutions,  soluble  in  nitric  acid 
and  in  alkali  sidpbites. 

AgjSOj  +  Na^Oj = 2AgNaS03. 

By  boiling  this  solution  a  grey  ppt.  of  silver  is  formed. 
2  AgNaSOa  =  2  Ag  +  H^sl^O^  +  SO^. 
If  the  ppt.  of  AgjSO,  suspended  in  uxUer  is  boiled  the  reaction  is  different. 
2Ag^08 = AgjS04  +  SO,  +  2Ag. 

4.  BaCfls  ppts.  white  BaSOs  from  neutral  solutions  (not  from  sulphurous 
acid  itself)  soluble  in  dilute  HNO,.  As,  however,  most  sulphites  contain 
sulphates,  the  ppt.  will  not  usually  dissolve  completely.  Ordinary  sodium 
sulphite  usually  contains  jxmch  sodium  sulphate. 

Strontium  chloride  behaves  similarly.     (See  thiosulphuric  acid). 

5.  Iodine  solution  is  decolorised  by  sulphurous  acid 

JHaSOa  +  0  H,  + 1^  =  HjjSO^  +  2HI. 

This  reaction  is  used  in  estimating  sulphurous  acid. 

6.  Acid  permanganate  solution  oxidises  sulphurous  acid,  but  the  reaction 
varies  according  to  conditions,  sulphuric  and  dithionic  acids  being  formed. 

7.  K2Cr207  in  acid  solution  is  reduced  to  the  green  chromic  salt 

KjCrjO,  +  H2SO4  +  3S0a = ^^©4  +  Cr,(S04)3  +  H^O. 

8.  Sulphurous  acid  abo  reduces  mercuric  chloride  (boiling),  mercurous 
nitrate  and  gold  salts. 

Phosphorous  Aoid,  H3PO3. 

/OH 
Dibasic.     Constitution  therefore     O^Pc-OH 

\H. 

ScitibUity  of  salts, — Only  alkali  salts  soluble  in  water,  but  all  soluble  in 
dilute  acid. 

Use  sodium  phosphite,  solid  or  solution  as  required. 

Dry  Tests. 

By  ignition,  both  the  free  acid  and  the  phosphites  are  partly  oxidised  at 
the  expense  of  the  other  part. 

4H3P03  =  3H3P04  +  PH3 

8Na2HP04  =  4Na3P04  +  Na4P,07  +  2PH3  +  H,0. 

The  PH3  is  recognised  by  its  smell  and  inflammability. 

Wet  Tests. 

1.  Dilate  HGL — No  visible  action. 

2.  Strong  H2SO4  is  reduced,  on  warming,  to  SOj. 

H3PO3  +  H,S04  =  H3PO4  +  SO,  +  HjjO . 
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3.  AgNOs  ppts.  white  AggHPOg  from  neutral  solutions.  This  in  strong 
solutions  is  at  once  reduced  to  metallic  Ag  :  in  dilute  solution  only  on  warming, 

AgaHPOa  +  H^O  =  H8PO4  +  2Ag. 

4.  BaCfls  ppts.  white  BaHPOj,  soluble  in  acids. 

6.  HgCls  is  reduced  to  HgjClj,  slowly  in  the  cold,  rapidly  on  warming,  by 
free  HaPOg. 

2Hga2  +  H3PO8  +  H2O  =  HgaCl,  +  2Ha  +  H3PO4. 

In  hot  solution  excess  of  HgPOj  causes  further  reduction  to  mercury 
in  a  similar  manner. 

6.  Strong  KOHaq  oxidises  phosphites  to  phosphates. 

K2HPO3  +  KOH  =  K3PO4  +  H^. 

Carbonio  Acid,  H2CO3.  ^ 

Free  acid  quite  unknown  except  in  dilute  solution. 

Solubility  of  salts. — ^Alkali  carbonates  only  are  soluble  in  water.  All 
carbonates  are  soluble  in  dilute  acids  :  MgCOg  (native)  dissolves  only  in  hot 
dilute  acids.  Many  carbonates  readily  form  bicarbonates  with  excess  of 
carbonic  acid,  all  of  which  are  soluble  in  water  and  decomposed  again  by 
boiling. 

Dry  Tests. 

All  carbonates  except  those  of  the  alkalis  are  decomposed  by  heat. 

CaC08  =  CaO  +  C02. 
The  carbonates  of  Ca,  Sr  and  Ba  require  a  very  high  temperature  :  BaCOj 
is  not  completely  decomposed  by  heat  alone.     (See  p.  10.) 

Wet  Tests. 

1.  Dilute  Hd  causes  evolution  of  CO2  from  all  carbonates.  (MgCOg 
requires  to  be  heated.) 

2.  Strong  H2SO4  does  the  same. 

3.  AgN03  ppts-  white  kgjuO^  from  neutral  carbonate  solutions.  Boiling 
converts  it  into  a  yellow  basic  carbonate. 

4.  BaClj  ppts.  white  BaC03  from  neutral  solutions. 

5.  Litmui  is  turned  blue  by  alkali  carbonates.  Alkali  bicarbonates  are 
practically  neutral  to  litmus  and  phenolphthalein. 

Methyl  orange  is  unaffected  by  free  carbonic  acid,  alkali  carbonates  and 
bicarbonates  reacting  alkaline  to  it. 

Oxalic  Add,  H2C2O4,  2H2O. 

The  free  acid  is  a  white  crystalline  substance.  The  salts  are  insoluble  in 
water  except  those  of  the  alkalis,  but  all  are  soluble  in  dilute  HCl. 

Oxalic  acid,  besides  forming  ordinary  acid  salts  with  monacid  bases,  forms 
"  quadroxalates,''  e.g,  KHC2O4,  H2C2O4,  2H2O.     '*  Salts  of  sorrel.'' 

Dry  Tests. 

The  free  acid,  on  ignition,  gives  off  water  of  crystallisation  and  sublimes, 
with  partial  decomposition,  into  a  snow-white  solid,  the  anhydrous  acid. 
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All  oxalates  are  decomposed  by  gentle  ignition  with  evolution  of  CO  and 
fonnation  of  carbonates.  The  oxalates  of  the  noble  metals  therefore,  of 
course,  leave  the  metal  itself,  and  so  also  do  those  of  nickel,  cobalt  and 
copper  (out  of  contact  with  air). 

CuCj04  =  Cu  +  2C02. 

Wet  Tests. 
Use  a  solution  of  ammonium  oxalate. 

1 .  Dilate  Hd  (on  the  solid)  no  visible  reaction. 

2.  Strong  H^04  (on  the  solid)  evolves  CO  and  CO,  by  dehydrating  the  acid. 

HjC,04-HjO  =  CO  +  CO,. 

Test  for  CO^  firsts  for  obvious  reasons. 

3.  AgNOg  ppts.  white  Ag2C204  from  neutral  solutions. 

4.  BaOs  PP^-  ^^^  BaC204. 

5.  Cad,,  which  is  generally  used,  ppts.  white  CaC204,  insoluble  in  aceiio 
acid.  This  ppt.  cannot  be  filtered  if  pptd.  in  the  cold,  but  readily  settles 
when  pptd.  at  the  boiling  temperature.  Washed  by  decantation,  treated 
with  hot  dilute  H2SO4  and  then  permanganate,  the  latter  is  decolorised  in  a 
very  characteristic  way,  q,v, 

6.  KM11O4  in  presence  of  H2SO4  is  not  reduced  by  oxalates  in  the  cold,  but 
on  warming  is  reduced  slowly  at  first,  then  more  rapidly. 

2KMn04  +  3H28O4  +  5H2C2O4  =  lOCOj  +  K2SO4  +  MnS04  +  SH^O. 

7.  1^0,  in  presence  of  hot  dilute  sulphuric  acid  oxidises  oxalic  acid  to  CO,. 

MnOt  +  H2C,04  +  H2SO4  =  MnS04  +  200,  +  2H,0. 

Tartaric  Add,  H2(C4H40e). 

Constitution :  COOH-CHOH-CHOH-COOH. 

Clear  crystals  (monoclinic),  no  water  of  crystallisation. 

Solubility  of  salts. — Neutral  alkali  salts  very  soluble  in  water,  so  is  the 
acid  sodium  salt,  but  the  acid  potassium  and  ammonium  salts  dissolve  with 
difficulty  in  cold  water. 

All  others  dissolve  with  difficulty  in  water,  but  readily  in  alkali  tartrates, 
forming  complex  salts. 

Dry  Tests. 

Tartaric  acid  melts  at  135°C.  On  ignition  it  is  decomposed  with  evolution 
of  various  gases  and  smell  of  burnt  9Ugar.     A  residue  of  carbon  is  left. 

Alkali  tartrates  behave  similarly,  but  leave  a  residue  of  carbon  and  alkali 
carbonate  (ammonium  tartrate  residue  is  carbon  only). 

Alkaline  earth  tartrates  leave  a  residue  of  carbon  and  carbonate  which  by 
ignition  is  changed  to  oxide.  Tartrates  of  metals  whose  oxides  are  reducible 
by  carbon  leave  a  metallic  residue. 

Wet  Tests, 
Use  RocheUe  sdk,  KNa(C^Hfi^),  solid  or  in  solution  as  required. 
1.  Dilate  Hd,— No  action. 


Digitized  by 


Google 


136  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

2.  Strong  H^04  causes  carbonisation  on  warming,  and  evolution  of 
CO2  and  SOj. 

3.  AgNOs  in  neutral  solutions  gives  a  white  ppt.  of  AgJCfifi^  soluble  in 
acids  and  in  ammonia.  When  the  anmioniacal  solution  is  heated  a  mirror 
of  silver  is  deposited  on  the  tube.    Carry  out  thus  : 

The  pure  tartrate  solution  is  treated  with  AgNOj  (not  too  dilute)  and  then 
very  dilute  anmionia  added  dropwise  tiU  the  ppt.  has  nearly,  but  not  quite 
dissolved.  On  heating  to  100°  in  boiling  water  a  mirror  is  gradually  deposited ; 
more  quickly  on  boiling.  As  other  acids  interfere  with  this  test,  the  tartaric 
acid  should  be  pptd.  as  KHC4H40^  by  treating  the  solution  with  solid  KjCOg 
till  alkaline  and  then  adding  acetic  acid.  Filter,  wash  and  dissolve  in  EOHaq 
(the  absolute  minimum). 

4.  Baffls  and  CaCl2  (latter  generally  used). — In  neutral  solution  ppts.  white 
calcium  tartrate,  readily  soluble  in  alkali  tartrate  to  form  a  double  salt. 
After  addition  of  sufficient  CaCl2  to  decompose  this  a  permanent  ppt.  is 
obtained. 

2KJCfifi^  +  CaClj  =  2Ka  +  KfiA{CJIfi^)^. 

(soluble) 
KJC€L(CJIfi^)^  +  CaQj = 2Ka  +  2Ca(C4H40e). 

The  presence  of  ammonium  salts  hinders  the  reaction,  but  does  not  prevent 
it  {cf,  citrates).  Calcium  tartrate  is  soluble  in  acetic  acid  and  in  KOH  {cf. 
oxalate). 

5.  Kd  added  to  a  strong  neutral  tartrate  solution  and  acidified  with  acetic 
acid  ppts.  KHC4H40e. 

6.  Alkaline  KMn04  is  reduced  on  heating  first  to  green  manganate  and 
then  rapidly  to  MnO(OH)2. 

Citric  Add,  H,(CeH507). 

.CH^.COOH 

Constitution  :     C<;qqqtt 

\CH2.COOH. 

Solubility  of  salts. — ^Alkali  citrates  are  soluble  in  water  and  readily  form 
soluble  double  citrates  with  citrates  of  heavy  metals. 

Dry  Tests. 

Somewhat  similar  to  tartrates.  The  smell,  however,  is  less  like  that  of 
burnt  sugar. 

Wet  Tests. 

Use  potassium  citrate,  KJ^C^Hfi^), 

1.  Dilate  HCL — No  visible  action. 

2.  Strong  H^04  on  warming  causes  charring  and  evolution  of  CO2,  SO2, 
etc.,  but  less  readily  than  with  tartrates.     Cf.  both  at  100°. 

'  3.  AgNOs  ppts.  white  kg^{Qfifi^)  from  neutral  solutions.  No  silver 
mirror  is  formed  by  heating  the  ammoniacal  solution  to  100°,  but  on  con- 
tinued boiling  some  silver  is  deposited. 
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4.  BaCl2  and  CaCl2  (latter  generally  used). — No  ppt.  in  neutral  solution, 
but  as  calcium  citrate  is  more  soluble  in  cold  water  than  in  hot,  a  ppt.  is 
obtained  on  heating  the  solution. 

Ammonium  salts  hinder  somewhat. 

5.  Ca(0H)sa4  causes  no  ppt.  in  cold  neutral  solutions,  but  on  boiling  a 
ppt.  is  formed  which  redissolves  on  cooling.  Cf,  4,  in  which  the  calcium 
citrate  obtained  on  boiling  does  not  redissolve  on  cooling  :  it  forms  a  heavy 
crystalline  ppt.  different  (polymer)  from  the  flocculent  ppt.  formed  at  first. 

6.  Alkaline  KMn04  on  warming  is  reduced 'to  green  manganate  only 
(except  by  prolonged  boiling).    Difference  from  tartrates. 

Iodic  Add,  HJO,. 

SdtibiUty, — ^Alkali  salts  soluble  in  water.  Remainder  difficultly  soluble  or 
insoluble. 

Dry  Tests. 

Heated  on  charcoal,  moderate  deflagration  occurs.  Heated  alone,  all 
iodates  decompose  into  iodide  and  oxygen.  The  free  acid  of  the  "  bi-iodates," 
e.g.  KIO„  HlOa,  yields  free  iodine  also.    2HI08  =  HjO  +  50  +  Ig. 

Wbt  Tests. 
Use  potassium  iodate^  KIO^, 

1.  Dilate  HCL — No  action. 

2.  Strong  H^O^. — No  action  unless  reducing  substances  are  present  also» 
when  iodine  is  separated,  e,g. 

KIOs  +  5KI  +  3HjS04  =  3K^04  +  SHgO  +  31,. 

3.  AgNOs  ppts.  white  AglOj  not  easily  soluble  in  HNO3,  soluble  in  ammonia. 

4.  Baffls  ppts.  white  Ba(I08)2,  difficultly  soluble  even  in  hot  water. 

5.  H^Os  causes  separation  of  iodine  (unless  a  large  excess  is  used),  thus  : 

(a)  KIOs  +  3HaS03 = KI  +  3HJSO4. 

(6)  KI  +  H2SO4  =  KHSO4  +  HI. 

KIO3  +  Hj^04  =  KHSO4  +  HIO3. 
and  then  (c)  5HI  +  HIO,  =  SHgO  +  31,. 

If,  however,  too  much  H^SOj  is  added, 

2HjO  +  SOj  + 12  =  2HI  +  H2SO4. 

Boric  Add,  H3BO3. 

SolubHtty  of  salts. — ^Alkali  borates  soluble  in  water,  giving  a  strongly  alka- 
line solution  (hydrolysis).  Remainder  not  soluble  in  water,  but  in  dilute 
acids  and  in  NH4Claq. 

All  the  salts  are  derived  from  either  the  meta-  or  pyro-acid,  HBOg  or 
H,B40,. 

Dry  Tests. 

Alkali  borates  melt  to  a  colourless  ^ass  with  effervescence  (water  of 
crystallisation),  when  heated  alone  or  on  charcoal.     Remainder  unaffected. 
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.-;^>     ,.  Wet  Tests. 

-i^^     .  Use  borax,  ^&^fij,  lOH^O. 

/;.  vl'r'Pihite  Hd. — No  visible  action. 
*^'     2'*Stroiig  H^04. — No  visible  action.     The  boric  acid  set  free,  however, 
^  Y^\^     ^n  colour  the  flame  a  characteristic  green.     This  can  be  seen  by  holding 
.-     /K*'*  some  of  the  mixture  dose  to  but  not  in  a  bunsen  flame. 
!  3.  Alcohols  (especially  methyl)  readily  form  the  ester,  which  bums  with  a 

green-mantled  flame.     Mix.  borax  to  a  paste  with  strong  H2SO4  in  a  basin, 
add  methylated  spirit  and  set  alight. 

4.  AgN03  in  strong  solutions  ppts.  white  AgBOg,  which  is  hydrolysed  to 
AgjO  on  warming.  If  the  borax  solution  is  sufficiently  dilute  Ag^O  is  pptd. 
in  the  cold,  owing  to  the  complete  hydrolysis  of  the  borate. 

5.  Bads  ppts.  white  Ba(B02)2  &om  not  too  dilute  solutions,  soluble  in 
excess  of  BaClj  and  in  NH4CI. 

6.  Turmeric. — A  piece  of  turmeric  paper  moistened  with  free  boric  acid 
(borate  and  dilute  HCl)  and  then  dried,  is  coloured  reddish-brown.  If  this 
colour  is  moistened  with  KOH  it  becomes  greenish-black. 

Molybdic  Add,  H2Mo04. 

Solubility  of  salts. — Those  of  alkalis  soluble  in  water,  remainder  only  in 
acids. 

The  most  important  salts  are  the  acid  ammonium  molybdate  of  com- 
merce, (NH4)^Mo7084,  4HjO,  and  the  minerals  wulfenite,  PbMo04,  and  powel- 
lite,  CaMo04. 

Dry  Tests. 

Alkali  molybdates  are  reducible  on  charcoal  to  grey  metallic  molybdenum, 
with  a  white  incrustation  of  M0O3. 

The  borax  bead  is  coloured  yellow  when  hot,  colourless  when  cold,  in 
oxidising  flame  ;  turbid  brown  in  the  reducing  flame. 

Wet  Tests. 
Use  ammonium  molybdate  dissolved  in  water, 

1 .  Dilate  Hd  on  the  solution  ppts.  white  H2M0O4,  soluble  in  excess  of  acid. 

2.  Strong  H2SO4. — Evaporate  a  few  drops  of  the  molybdate  solution  with 
a  drop  of  the  reagent  in  a  porcelain  basin.     An  intense  blue  mass  is  pbtained. 

3.  AgNOs  ppts.  white  silver  molybdate,  soluble  in  nitric  acid  and  in 
ammonia. 

4.  Bads  ppts.  white  BaMo04,  soluble  in  HNO3. 

5.  H2S  colours  molybdenum  solutions  blue  and  then  gradually  ppts. 
M0S3,  soluble  in  ammonium  sulphide. 

6.  Zn. — A  molybdate  solution  made  acid  with  sulphuric  acid  and  treated 
with  zinc  turns  first  blue,  then  green,  finally  brown.  SnClg,  etc.,  cause  the 
same  reaction.     (Reduction  products  of  M0O3.) 

7.  Na2HP04  added  to  excess  of  an  ammonium  molybdate  solution  strongly 
acid  with  HNO3  and  warmed  gently,  ppts.  canary-yellow  ammonium  phos- 
phomolybdate. 
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Meta-Phosphoric  Acid,  HPO3.     ^^/r^      ^/v> 
NaPOj  is  obtained  by  igniting  microcosmic  salt.  '^  ^        /s 

NaNH^HPO^  =  NaPOs  +  NH3  +  H^O.  "^^^  ^^^/s 

Solubility  of  salts. — ^Alkali  salts  soluble  in  water.     Remainder  insolfikk       /^ 
in  water,  soluble  in  mineral  acids,  metaphosphoric  acid  or  alkali  metaphos-*^/)^     ^/r 
phates.  ^e^     ^' 

Dry  Tests. 

On  fusion  the  alkali  salts  form  a  glassy  mass  similar  to  a  borax  bead,  which 
similarly  dissolves  many  metallic  oxides. 

Wet  Tests. 
Use  sodium  metaphosphate  (from  microcosmic  salt), 

1 .  Dilate  Hd  and  strong  H^4. — No  visible  action. 

2.  AgNOs  ppts.  white  AgPOj  from  neutral  solutions  soluble  in  HNO3 
and  in  ammonia. 

3.  BaCl2  ppts.  white  bulky  Ba(P03)2,  soluble  in  excess  of  the  metaphos- 
phate. 

4.  Ammoninm  molybdate  and  HNO3  cause  no  ppt.  in  cold  ;  on  boiling  the 
meta-  becomes  ortho-phosphate  and  the  yellow  ppt.  of  ammonium  phospho- 
molybdate  appears. 

NaP03  +  H20  =  NaH2P04. 

5.  Albnmen  solution  is  coagulated  by  the  free  acid  {of  pyro-  and  ortho- 
acids).  To  obtain  the  free  acid  from  a  metaphosphate  acidify  with  acetic 
acid. 

Pyro-Phosphoric  Add,  H4P2O7. 

Salts  are  obtained  by  igniting  monacid  salts  of  the  orthoacid. 

Na,HP04  =  Ufi  +  Na^P.O^. 

Solubility  of  salts. — Alkali  salts  soluble  in  water.  Remainder  in  dilute 
acids. 

Dry  Tests. 

None  in  particular.     The  salts  are  not  readily  fusible.  • 

Wet  Tests. 
Use  sodium  pyro-phosphate  made  as  above. 

1.  Hd  and  H2SO4. — No  visible  action. 

2.  AgN03  ppts.  white  Ag4P207,  soluble  in  HNO3  and  in  ammonia. 

3.  BaCl2  ppts.  white  Ba2P207,  soluble  in  acids. 

4.  Ammoninm  molybdate. — Same  as  meta-phosphate. 

5.  Albnmen  is  rwt  coagiilated  by  the  free  acid. 

GROUP  IV. 


AgNOs  gi^^  A  coloured  ppt.  soluble  in  HNO3  and  in  ammonia. 
Bafflf  gives  a  ppt.  soluble  in  HNO3. 
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Ortho-PhOBphoric  Add,  H8PO4. 

SolubilUy  of  salts. — ^AU  the  alkali  salts  are  soluble  in  water ;  so  are  the 
primary  salts  of  the  alkaline  earths  (*'  super-phosphate  ")  Ca(H2P04)2.  Re- 
mainder difficultly  soluble  or  insoluble.  All  soluble  in  dilute  mineral  acids 
and  all  except  lead,  ferric,  chromic  and  aluminium  phosphates  soluble  in  acetic. 

Dry  Tests. 
On  ignition : 

The  alkali  tertiary  salts  melt  without  decomposition. 
The  secondary  salts  change  to  pyrophosphate. 

Na^HPO^ = HjO  +  Na^PjO^. 

The  primary  salts  and  microcosmic  salt  change  to  metaphosphate. 

NaByPO^-NaPOs  +  NjjO. 

Wet  Tests. 

1.  Hd  or  H2SO4. — No  visible  reaction. 

2.  AgNOs  in  neutral  solutions  ppts.  pale  yellow  Ag3P04  (Difference  from 
meta-  and  pyro-acids),  soluble  in  HNOs  and  in  ammonia. 

3.  Bads  ppts.  white  Ba3(P04)2,  soluble  in  acids. 

4.  Magnesia  mixture  ([NHj2MgCl4  +  NH40H)  ppts.  white  crystalline 
MgNH4P04,  GHjO,  insoluble  in  dilute  ammonia.  This  ppt.  should  be  ex- 
amined under  a  microscope  (J  in.  objective).  It  is  very  characteristic  {cf. 
arsenic  acid). 

5.  Feds  ppts.  pale  yellow  FeP04,  quantitatively  in  the  presence  of  sodium 
acetate  (which  replaces  the  HCl  formed  by  acetic  acid). 

Na,HP04  +  CHjCO^a  +  Fea, = SNaQ  +  CHjCO^H  +  FeP04. 

Advantage  of  this  is  taken  in  the  separation  of  phosphoric  acid  from  the 
bases  (Group  III.  C). 

6.  Ammonium  molybdate  in  excess,  in  the  presence  of  much  nitric  acid, 
ppts.  (slowly  cold,  rapidly  on  warming)  yellow  ammonium  phospho-molyb- 
date,  soluble  in  ammonia,  insoluble  in  nitric  acid.  Much  HCl  will  considerably 
hinder  the  pptn.  as  will  the  presence  of  an  oxalate. 

The  yellow  ppt.  has  the  composition  (NH4)3P04  +  12Mo08. 

7.  Metastannic  add  (Sn  +  HNO,)  forms  an  insoluble  phosphostannic 
acid  (?),  and  is  used  to  separate  phosphoric  acid  from  the  metals. 

CbromiCy  anenie  and  anenious  acids  have  already  been  described. 

Thioeulphuric  Add,  H2S2O8. 

Constitution  SOj(SH)(OH). 
Free  acid  unknown,  owing  to  its  instability. 

Solubility  of  salts, — ^AlkaU  salts  soluble  in  water.  Remainder  difficultly 
so,  but  many  are  soluble  in  sodium  (etc.)  thiosulphate,  forming  complexes. 

Dry  Tests. 

On  ignition  away  from  air  the  alkali  thiosulphates  yield  a  mixture  of 
sulphate  and  sulphide  and  a  sublimate  of  sulphur.     The  ignition  must  be 
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prolonged  and  at  a  high  temperature  for  the  completion  of  the  reaction. 
(Cf.  sulphites.)  4Na,S208 = 3Na,S04  +  Na,S  +  4S. 

Wet  Tests. 
Use  sodium  thiosulphatey  Na^^^^y  hHJJ, 

1.  Dilate  Hd  causes  deposition  of  sulphur  and  evolution  of  SO2. 

Na^SjOa  +  2Ha  =  2Naa  +  UJd  +  SOj  +  S. . 
If  the  acid  is  added  to  a  very  dilute  solution  of  the  thiosulphate,  the 
reaction  takes  place  slowly :  apparently  due  to  the  slower  pptn.  of  colloidal 
sulphur. 

2.  Strong  H^04  as  in  1,  but  more  violently. 

3.  AgNOs  ppts.  white  AgjS^Og,  which  turns  yellow,  brown  and  black, 
especially  on  warming. 

AgjSjOs  +  H,0  =  HjSO^  +  Ag^S. 

Ag^SgOj  is  soluble  in  excess  of  thiosulphate,  forming  a  complex  salt 
Na4[Ag2(S208)8],  this  is  decomposed  by  boiling,  giving  a  ppt.  of  Ag^S. 

Na4[Ag2(S208)3]  =  AgjS  +  Na2804  +  Na^SgOj  +  SOg  +  S. 
{Cf.  copper.) 

4.  BaCl2  in  not  too  dilute  a  solution  ppts.  white  crystalline  BaS^Oj. 

5.  Iodine  solution  (in  KI)  is  decolorised. 

ONa  NaOv 

m/  ^>S02=-Na,S40e  +  2NaI. 

^S|Na  +  ^  +  NalS'^  (tetra-tWonate) 

Chlorine  and  bromine  act  quite  differently, 

Na^SjOs  +  H2O  +  CI2  =  2Naa  +  S  +  H3jS04, 
and  then,  if  sufficient  chlorine  be  used  : 

S  +  3CI2  +  4H2O  =  6Ha  +  H2SO4. 

6.  Feds  gives  a  violet  colour  (ferric  thiosulphate)  which  soon  disappears. 

FeClj  +  2Na2S203  =  2NaCl  +  2Fea2  +  Na2S40e. 
()Veak  oxidising  agent,  cf,  iodine.) 

7.  C118O4  similarly  oxidises  it  to  Na2^40«  with  production  of  sodium 
cuproti^  thiosulphate,  Na2[Cu2(S203)2],  which  on  acidifying  and  boiling  ppts. 
CujS.    Hence  useful  separation  of  copper  from  cadmium. 

GROUP  V. 

AgNOj  gives  NO  ppt. 
BaClj  gives  NO  ppt. 

Nitric  Acid,  HNO3. 
All  nitrates  are  soluble  in  water,  except  basic  ones. 

Dry  Tests. 

Heated  on  charcoal,  nitrates  cause  deflagration.  On  ignition,  the  alkali 
nitrates  evolve  oxygen  and  leave  a  nitrite  ;  ammonium  nitrate  is  decomposed 
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into  nitrous  oxide,  NjO,  and  water,  and  the  remaining  nitrates  are  decomposed 
into  the  metallic  oxide  (or  metal)  NO,  and  oxygen. 

(1)  KN03=KN02  +  0. 

(2)  NH4N08  =  N20  +  2H20. 

(3)  Pb(N03)jj  =  PbO  +  2NO2  +  0. 

(4)  2AgN03=Ag2  +  2N02  +  02. 

Wet  Tests. 

Use  KNO^. 

1.  Dilate  Hd. — No  reaction. 

2.  Strong  H2SO4  on  warming  causes  evolution  of  nitric  acid,  appearing  as 
white  and  faint  brown  fumes,  condensing  on  the  cool  portion  of  the  tube  to 
a  liquid  which  nms  down  in  characteristic  streaks. 

3.  AgNOa  and  BaCla.— No  reactions. 

4.  FeS04  is  oxidised  by  nitric  acid  as  follows  : 

6FpS04  +  3H2SO4  +  2HNO3  =  3Fe2(S04)3  +  iRfi  +  2N0. 

The  NO  dissolves  in  excess  of  ferrous  sulphate,  forming  a  black  solution, 
FeSO4.NO. 

The  test  is  carried  out  thus  : 

To  a  little  of  the  nitrate  solution  add  cold  strong  ferrous  sulphate  solution 
and  pour  strong  sulphuric  acid  down  the  side  of  the  tube  so  that  it  forms  a 
separate  layer  at  the  bottom.  A  black  ring  is  formed  at  the  junction  of  the 
two  layers. 

N.B. — ^If  a  bromide  or  iodide  be  present,  a  ring  somewhat  similar  in  appearance, 
consisting  of  bromine  or  iodine,  will  be  formed.  This  ring,  of  course,  would  be  formed  in 
the  absence  of  ferrous  sulphate.  In  case  of  such  a  mixture  the  halogen  is  removed  by 
pptn.  with  silver  sulphtUe  and  the  filtrate  tested  for  nitrate. 

5.  Several  organic  reagents  are  now  employed  both  for  detection  and 
estimation  of  nitric  acid.     The  most  important  are  : 

(a)  Diphenylamine  (1  gm.  in  20  c.cs.  of  pure  H2SO4  and  4  c.cs.  of  water). 
— Stratify  the  solutions.    A  -blue  ring  appears  at  the  contact  zone. 

{N,B, — This  reaction  is  also  caused  by  other  oxidising  agents.) 

(b)  Bracine  (-2  gms.  in  100  c.cs.  of  H28O4). — Mix  solution  to  be  tested  with 
excess  of  strong  sulphuric  acid  and  add  a  little  of  the  brucine  solution.  A 
red  colour  appears,  changing  to  orange,  yellow  and  finally  greenish. 

(c)  "  Nitron  "  (diphenylene-dianilo-dihydro-triazole).  This  base  dissolved 
in  dilute  acetic  acid  gives  a  colourless  crystalline  ppt.  (will  detect  1  in 
60,000). 

6.  Zn  dust  and  KOH  reduces  nitrates  to  ammonia  and  is  used  to  detect 
nitrates  in  the  presence  of  chlorates,  etc.,  which  oxidise  the  ferrous  sulphate. 
Nitrites  give  the  same  reaction. 

Chloric  Acid,  HCIO3. 

The  free  acid  is  dangerously  unstable,  and  is  unlikely  to  be  met  with  except 
in  dilute  solution. 

Solubility. — All  chlorates  are  soluble  in  water. 
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Dry  Tests. 

Heated  on  charcoal,  chlorates  cause  violent  deflagration.  Heated  alone, 
all  evolve  oxygen  and  leave  a  chloride. 

Wet  Tests. 
Use  potcLssium  chlorate,  KCIO^. 

1.  Dilate  Hd. — No  action  in  the  cold.  On  warming  slight  evolution  of 
chlorine  usually  occurs.  With  strong  HCl  a  violent  evolution  of  gas  takes 
place. 

4Kao3 + 12HC1 = 4Ka + 6H2O + 9a + sao,. 

"  euchlorlne  " 

2.  Strong  ILfiO^. — The  mixture  turns  yellow,  and  on  warming  violent 
explosions  occur.     Hence  use  a  very  small  quantity  of  chlorate  for  this  test. 

The  explosions  are  due  to  the  breaking  up  of  free  chloric  acid,  thus  : 

3HC108  =  HC104  +  H20  +  C102  (yellow) 
and  also  2a02=Cl2  +  20,. 

3.  AgNOs  <^  Bads. — ^Neither  cause  any  reaction. 

4.  Nasoent  hydrogen  (from  zinc  and  acid  or  alkali)  reduces  chlorates  to 
chlorides. 

5.  Ferrous  salts  are  oxidised  to  ferric  salts  by  boiling  with  a  chlorate  and 
dilute  sulphuric  acid. 

Perchloric  Add,  HCIO4. 

This  acid  is  now  sold  as  a  reagent  for  potassium. 
SdubUity. — All  perchlorates  are  soluble  in  water. 
Use  KCIO^,  exce'ptfor  No,  6,  for  which  use  the  add. 

Dry  Tests. 

Heated  on  charcoal,  deflagration  takes  place.  Heated  alone,  oxygen  is 
evolved,  though  less  readily  than  from  chlorates,  and  a  chloride  is  left. 

Wet  Tests. 

1.  Hd  dilute  or  strong  causes  no  reaction  (cf  chlorates). 

2.  Strong  H2SO4  on  heating  causes  evolution  of  thick  white  fumes  of  per- 
chloric acid. 

3.  AgNOs  luid  BaCl2. — No  reaction. 

4.  Ferrous  salts  are  not  oxidised  by  perchloric  acid.  Hence  separation 
from  chloric. 

5.  Ed  (or  KNOs)  solution  ppts.  white  crystalline  KCIO4  from  not  very 
dilute  solutions. 

6.  Nascent  Hydrogen  does  not  reduce  perchlorates,  nor  does  SOj. 

Persnlphnric  Add,  B^O^. 

Ammonium  persulphate  is  much  used  as  an  oxidising  agent.  It  is  also 
employed  in  photography  for  reducing  dense  negatives. 
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Wet  Tests. 

1.  Dilate  acids,  and  even  tocUer  alone,  especially  on  warming,  cause  decom- 
position. K2Sj08+^0=2KHS04  +  0. 

Some  of  the  oxygen  comes  off  as  ozone,  whose  smell  is  immistakable. 

2.  Strong  H^04. — ^Mixed  with  a  persulphate  at  0°C.  forms  a  strongly 
oxidising  liquid  called  Care's  acid. 

3.  BaCl2. — No  reaction  in  cold,  but  on  standing  or  warming  BaS04  is 
pptd.     (See  1.) 

4.  AgNOs  causes  a  black  ppt.  of  AgjOj. 

2H2O  +  Ag AOg = AgjjO,  +  2H3jS04. 
Note, — ^No  ppt.  of  Ag,S,0,  is  obtained ;  hence  the  inclusion  of  this  acid  in  Group  V. 

5.  Hydroxides  of  metals  possessing  a  higher  oxide  are  oxidised  to  that 
higher  oxide,  e,g,  ferrous,  manganous,  nickel,  cobalt  and  lead  salts.  (Add 
KOH  and*then  the  persulphate). 

Pb(OH),  +  K^fis  +  H,0  =  2KHSO4  +  PbO,  +  H2O. 


Permanganic  acid  has  been  discussed  under  Manganese. 

GROUP  VI. 
AgNOs. — No  reaction. 
Bads* — Ppt.  insoluble  in  nitric  acid. 

Sulphuric  Add,  H^04. 

SclubiUty, — All  soluble  in  water  except  those  of  lead,  barium  and  strontium. 
Calcium  sulphate  is  not  very  soluble  in  water,  but  readily  in  dilute  HCl. 

Dry  Tests. 

Sulphates  of  "  heavy  "  metals  when  ignited  strongly  partly  yield  SO3 
and  the  oxide  (or  metal  ii  oxide  is  unstable).  Exceptions  are  the  alkali  earths 
and  lead. 

Heated  on  charcoal,  with  fusion  mixture,  are  partly  reduced  to  sulphides, 
and  will  give  a  black  stain  on  a  wet  silver  coin,  etc. 

Wet  Tests. 

1.  Dilute  HCl. — ^No  reaction. 

2.  Strong  H^04.-^No  reaction. 

3.  AgNOs. — N^  reaction. 

4.  BaCl2  ppts.  white  BaS04,  insoluble  in  any  dilute  acid. 

Hydrofluoric  Add,  HF. 

SolubilUy, — ^Alkali  fluorides  and  those  of  Al,  Ag,  Sn  and  Hg  only  are  soluble 
in  water.     "  Acid  "  salts,  e.g.  KF .  HF,  are  well  known. 

Fluorides  of  the  alkali  earths  are  fairly  soluble  in  dilute  HCl  when  boiled, 
but  on  neutralising  the  acid  they  are  repptd. 
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Dry  Tests. 

"  Acid  "  fluorides  only  are  affected  by  ignition,  evolving  hydrofluoric 
acid. 

Mixed  with  silica,  moistened  and  heated,  they  are  decomposed  thus : 

CaFj  +  H,0  +  SiOj  -  CaSiO,  +  2HF, 

or  in  absence  of  moisture,  and  when  strongly  ignited : 

6CaFj  +  6Si02=2CaSiPe  +  4CaSi08  (incompletely  fluosilicate). 

Wet  Tests. 

1.  Dihiie  HCL — No  reaction. 

2.  Strang  H2SO4  on  gently  heating  evolves  HF,  a  fuming  gas  which  etches 
glass.  This  test  is  carried  out  by  mixing  the  fluoride  to  a  paste  with  the  acid 
in  a  lead  (or  platinum)  crucible,  and  covering  with  a  watch-glass  whose  under 
surface  has  been  thinly  covered  with  parafi&n  wax  and  a  device  scratched  in 
it  with  a  pin.  The  watch-glass  ia  filled  with  cold  water  and  the  basin  cauti- 
ously warmed  (sand-bath).  On  removing  the  wax  the  device  is  etched  into 
the  glass. 

Extraordinarily  small  amounts  of  fluoride  can  be  detected  thus,  especially 
if  the  apparatus  is  set  aside  for  some  hours  before  warming  it. 

N.B. — This  test  will  not  work  in  presence  of  a  silicate,  with  which  HF 
reacts  (as  it  does  with  glass). 

4HF  +  SiOj = 2H2O  +  SiF^. 

In  this  case  the  mixture  is  fused  on  platinum  with  excess  of  fusion  mixture, 
the  melt  extracted  with  water,  treated  with  excess  of  ammonium  carbonate 
(which  ppts.  the  silica  after  standing  for  some  hours),  filtering,  exactly  neutral- 
ising with  HCl  and  evaporating  to  a  small  volume.  The  fluoride  is  pptd.  as 
CaF,  by  adding  CaCls  and  treated  as  above  after  filtering  and  drying. 

3.  AgNOs. — No  reaction. 

4.  Bads* — ^White  ppt.  of  BaF,,  except  in  presence  of  much  ammonium 
salt. 

For  solution  and  analysis  of  fluorides,  see  pp.  162,  184. 

Fhioalido  Add,  B^XF^. 

This  acid  is  formed  by  the  action  of  silicon  fluoride  on  water. 
3SiF4  +  mfi  =-  2H^iFe  +  H4Si04. 

otthO'Sflidc  add. 

The  free  acid  is  decomposed  when  boiled. 

H2SiFe  =  SiF4  +  2HF. 

Solubility. — Potassium  and  barium  salts  are  difficultly  soluble  in  water. 
The  rest  are  soluble. 

Dry  Tests, 
All  fluosilicates  are  decomposed  on  ignition. 

K^iF,-2KF  +  SiF4. 
10 
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The  SiF4  is  recognis.ed  by  its  reaction  with  a  drop  of  water,  which  it  covers 
with  a  film  of  silicic  acid. 

Wet  Tests. 

1.  Dilate  Hd. — Little  or  no  reaction. 

2.  Strong  H^04  decomposes  all  fluosilicates. 

KjSiFe  +  H2SO4  =  Na2S04  +  SiF4  +  2HF. 

Test  for  SiF4  with  a  drop  of  water  in  the  loop  of  a  platinum  wire  and  the 
HF  by  the  etching  test. 

3.  AsN03. — No  reaction. 

4.  BaClj.— White  crystalline  ppt.  BaSiFj. 

5.  KCl,  from  not  very  dilute  solutions,  ppts.  gelatinous  K^iF^. 

6.  Alkalis  ppt.  gelatinous  silicic  acid  from  the  free  acid  solution ;   they 
do  not  neutralise  it  directly. 

HjSiFe  +  6K0H  =  6KF  +  ZRjd  +  H^SiO,. 

7.  NH4OH  decomposes  fluosilicates  themsdves, 

NagSiFe  +  4NH4OH  =  2NaF  +  4NH4F  +  H4Si04. 


There  is  a  further  group  of  acids  (sometimes  called  Group  VII.)  which  are 
non-volatile,  form  soluble  salts  with  the  alkalis,  but  have  no  particular  group 
reagents.  These  are  silicic,  tungstic  and  titanic  acids.  The  two  latter  are 
included  in  the  chapter  on  rare  elements. 

Silicic  Acid,  H^Os  (meta). 

Salts  corresponding  to  various  hydrates  are  known  amongst  the  natural 
silicates. 

Solubility, — All  silicates  except  those  of  sodium  and  potassium  are  in- 
soluble in  water.  Many  natural  silicates  (especially  the  zeolites)  are  readily 
decomposed  by  dilute  acids.  Others  are  only  decomposed  by  fusion  with 
fusion  mixture  or  by  treatment  with  hydrofluoric  acid. 

Dry  Tests. 

Silicates  fused  in  a  bead  of  microcosmic  salt  (on  a  platinum  wire)  give 
an  opal  bead,  the  silica  being  insoluble.    (Not  infallible,  however). 

Wet  Tests. 
I.    Silicates  0!  sodium  and  potassiiim  ("  water  glass  ")• 

1.  Dilate  acids  cause  a  ppt.  of  metasilicic  acid,  which,  however,  is  not 
quantitative,  the  acid  being  largely  soluble  in  dilute  mineral  acids.  To 
separate  it  completely  the  solution  is  evaporated  with  much  11(3,  moistened 
with  strong  H(3,  dricKi  and  gently  heated. 

By  this  means  the  acid  is  partly  dehydrated  and  rendered  insoluble  in 
water.     (See  analysis  of  Kaolin.) 

2.  Ammonium  salts  cause  a  pptn.  of  silicic  acid,  as  ammonium  silicate  is 
immediately  hydrolysed  by  water. 
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Ii;  Insoluble  silicates. 

Those  decomposable  by  dilute  HCl  are  finely  powdered  and  boiled  with 
this  acid,  evaporated  dry  on  the  water-bath,  treated  as  in  1  above,  and  finally 
extracted  with  hot  water.  The  insoluble  residue  is  proved  to  be  silica  by 
mixing  with  CaF2  and  strong  H2SO4  and  warming  in  a  lead  test-tube.  The 
8iF4  evolved  renders  turbid  a  drop  of  water  (held  on  a  platinum  wire,  not  a 
glass  rod). 

Those  undecomposable  by  acids  are  either 

(a)  Fused  with  fusion  mixture  and  the  melt  dissolved  in  water  and  treated 
as  in  I.  I. 

(b)  Evaporated  with  a  mixture  of  pure  sulphuric  and  hydrofluoric  acids, 
taking  care  not  to  overheat  and  thus  render  basic  the  residual  sulphates. 
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CHAPTER  IV. 

RABE  KTiEHfiKiMXg, 

Only  the  more  common  of  the  rare  elements  will  be  considered. 

GROUP  I. 

Thallium,  Tl=2041. 

Source, — ^Dust  from  pyrites  burners  where  thalliferous  pyrites  is  used. 
Oa?tae«.— Thallous,  rijO,  basic.    Thallic,  TljOj,  basic. 

Dry  Tests. 

Thallium  salts  moistened  with  dilute  HCl  colour  the  bunsen  flame  a 
fine  green.    The  spectrum  consists  of  one  green  line. 

Wet  Tests. 

I.  Thallous  Compounds. 

1.  Hd  ppts.  white  TIQ,  slightly  soluble  in  water.  Hence  thallium  also 
occurs  in  Group  III.     (See  No.  3  below.) 

2.  NH;40H  or  KOH  cause  no  reaction. 

3.  (KH^)fi  ppts.  black  TI2S  quantitatively.  Tl^S  is  soluble  in  mineral 
Acids. 

4.  KI  ppts.  yellow  TU.    Very  sensitive  test. 

^.  K2Cr04  ppts.  yellow  Tl2Cr04,  insoluble  in  cold  mineral  acids  (cf,  lead). 

It  may  also  be  mentioned  that  thallous  aluminium  alum  is  readily  obtained, 
and  that  thallium  chloroplatinate  is  yellow  and  practically  insoluble  in  water. 
Hence  thallium  resembles  both  lead  and  the  alkalis. 

II.  ThaUic  Compounds. 

Obtained  practically  only  by  dissolving  the  oxide  in  acids.  They  readily 
undergo  hydrolysis  (by  boiling  the  aqueous  solutions)  into  T1(0H)8  and  the 
.acid. 

1.  Alkalis  ppt.  brown  T1(0H)8. 
.2.  EI  ppts.  yellow  thallous  iodide  and  free  iodine. 

Tungsten,  W=184. 

This  metal  really  belongs  to  Group  II.,  though  the  pptn.  of  its  sulphide  is 
difficult  and  it  ia  therefore  pptd.  as  sulphide  by  (NH4)2S  followed  by  acid, 
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But  as  it  is  usually  met  with  as  tungstates,  and  HCl  ppts.  insoluble  tungstie 
acid  from  these,  it  is  found  in  Group  I. 

Oxides. — WO2  (unstable,  pyrophoric)  brown  powder.  WOj  canary  yellow. 
Acid  anhydride. 

Dry  Tests. 

A  bead  of  microcosmic  salt  is  colourless  in  oxidising  flame,  blue  in  reducing 
flame.  U  reduced  further  by  the  introduction  of  a  little  FeS04  it  becomes, 
red. 

Wet  Tests. 
Use  a  solution  of  sodium  tungsUUe,  Na^WO^. 

1.  Dilate  Hd  (and  other  mineral  acids)  ppt.  white  hydrated  tungstie  acid'^ 
H4WO5  (i.e.  WO,  +  2H20),  which  turns  yellow  (HjWOJ  on  boiling.  It  ift 
insoluble  in  dihOe  acids.  It  readily  forms  a  hydrosol  (colloidal  solution)  if 
washed  with  water. 

N.B. — "  Meta  "  tungstates  are  often  met  with.  These  have  the  formula^ 
e.g.  Na2W40i3,  i.e.  [Na2W04  +  3W03]  and  HCl  does  not  ppt.  tungstie  acid 
from  this  except  on  prolonged  boiling  with  excess  of  dilute  acid. 

2.  H^. — No  ppt.  in  acid  solutions. 

3.  (NH^)2S. — No  ppt.  until  solution  is  afterwards  acidified,  when  light  brown 
WS3  is  formed,  insoluble  in  dilute  acids. 

4.  Reducing  agents. — (a)  Nasoent  bydrogen,  from  Zn  and  dilute  HCl 
causes  the  formation  of  a  fine  blue  ppt.  which  does  not  change  (c/. 
molybdenum). 

(b)  Snds* — First  causes  a  yellow  colour  in  neutral  solutions.  On  acidi- 
fying and  warming  a  fine  blue  ppt.  is  obtained  (W^Og).    {Of,  Molybdenum.) 

RARE  ELEMENTS  OF  GROUP  II. 
A.  The  Copper  Oronp. 
The  '*  Platinum  Metals." 
Palladium. 
Oxides,— TdO  and  PdOg,  both  basic. 

Dry  Tests. 

All  palladium  compounds  on  ignition  leave  the  metal,  which  can  be 
dissolved  in  aqua  regia  and  tested  as  below. 

Wet  Tests. 
I.    PaUadoufl  Salts. 

Use  PdCl^. 

1.  H^  ppts.  black  PdS,  insoluble  in  (NH4)2S.  Soluble  in  boiling  HCl 
and  in  aqua  regia. 

2.  NaOH  (not  KOH)  ppts.  a  brown  basic  salt  soluble  in  excess. 

3.  NH4OH  ppts.  flesh-coloured  PdCl2(NH3)2,  soluble  in  excess. 

4.  KI  ppts.  black  Pdl^,  soluble  in  excess. 
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5.  Beducing  agents,  assulphurous  and  fonnic  acids,  alcohol,  etc.)  ppt. 
the  metal. 

6.  KO  ppts.  from  a  strong  solution  reddish-brown  octahedra  of  K2PdCl4. 

II.  Palladio  Salts. 

Generally  give  the  same  reactions  as  palladous  salts  except  with : 

1.  KCl,  which  in  strong  solutions  ppts.  yellow  needles  of  E^PdCl^. 

2.  KBJd  ppts.  the  corresponding  ammonium  salt  (red). 

Osmium,  Os=191. 

Oxides,    OsO.  Insoluble  in  acids. 
OsjOj.  „        „      „ 

OsO,.  „       „      „ 

[OsOj].  Osmic  anhydride,  known  in  its  salts  only. 

OSO4.  Perosmic  acid  anhydride.    Soluble  in  water. 

All  the  oxides,  and  the  metal  itself,  when  heated  in  air  volatilise  as  OSO4 
(vaporising  at  100°  C),  which  has  a  characteristic  smell  like  chlorine.  This 
property  (shared  with  ruthenium)  of  forming  volatile  oxides  distinguishes 
osmium  from  the  other  platinum  metab  and  forms  a  ready  separation. 

Dry  Tests. 

1.  See  above. 

2.  Heated  in  hydrogen,  all  osmium  salts  yield  the  metal  which  may  be 
recognised  as  above. 

Wet  Tests. 

Use  chlorosmic  acid  (or  the  fotassium  salt)  Hfis(\. 

1.  H^  ppts.  dark-brown  OsS. 

2.  Alkalis  (including  NH4OH)  ppt.  red-brown  hydroxide. 

3.  Reducing  agents. — Tannic  acid,  sulphurous  acid  and  others  give  a 
dark-blue  colour,  due  to  OsCl,.  KI  gives  a  purple  colour  due  to  above  and 
free  iodine. 

4.  Indigo  is  decolorised  by  perosmic  acid, 

B.    The  Arsenic  Group. 

Iridium,  Platinum,  Gold,  Molybdenum. 

Iridium,  Ir=198. 

Oxufe*.— IrO,  Ir^Og,  IrOg. 

Dry  Tests. 

Fused  with  fusion  mixture  on  charcoal,  the  grey  brittle  metal,  insoluble 
in  aqua  regia,  is  obtained. 

Wet  Tests. 

Use  NaJrClfi, 

1.  H^  decolorises  the  yellow  solution  (reduction  to  IrClj),  with  pptn. 
of  sulphur.     Then  brown  IfgSg  is  pptd.,  soluble  in  ammonium  sulphide. 
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2.  NaOH  (not  EOH)  causes  a  change  of  colour  from  red  to  green ;    on 
warming  it  finally  changes  to  blue. 

2IrCa4  +  2NaOH = 2Ira,  +  NaCl  +  NaClO  +  H^O. 

3.  KO  ppts.  from  strong  solutions  dark  brown  KjIrCl^.    lfH4Gl  ppts* 
the  dark  red  ammonium  salt. 

4.  Bedudng  agents.— Some  (FeS04,  H2C2O4,  SnClg,  etc.)  produce  a  green 
colour  (IrClj). 

Others  (Zn,  formic  acid,  etc.)  reduce  it  to  metal  in  the  absence  of  mineral 
acids.    (Hence  add  ammonium  acetate  first). 

€k)ld,  platinum  and  molybdenum  have  already  been  discussed. 


RARE  ELEMENTS  OF  GROUP  III. 

Thorium,  Cerium,  Lanthanum,  Didymium,  Yttrium,  Erbium,  Beryllium, 
Titanium,  Vanadium,  Tantalum,  Uranium. 

All  except  beryllium  are  pptd.  as  oxalates  (from  solutions  containing  not 
too  much  dilute  mineral  acid)  by  oxalic  acid.  Hence  it  is  usual  to  separate 
these  as  oxalates  by  addition  of  oxalic  acid  to  the  filtrate  from  Group  XL, 
thus  making  Group  III.  smaller. 

Thorium,  Th=282. 

Used  in  incandescent  mantles,  the  ash  of  which  contains  about  97% 
ThOj.  The  sources  are  monazite  [Ce,  La,  Di,  Th],  PO4  +  some  ThOg,  and 
thorite,  ThSiO4  +  50%  ThO,. 

These  are  decomposed  with  sulphuric  acid. 

No  Dry  Tests. 

Wet  Tests. 
Use  Th{SO^)^. 

1.  H2C204  ppts.  white  Th(C204)2,  insoluble  in  dilute  acids,  soluble  in  boiling 
ammonium  oxalate  (large  excess). 

2.  Alkalis  and  abo  (KB^)fi  ppts.  white  Th(0H)4,  insoluble  in  the  reagent, 
soluble  in  dilute  acids.  ThOj,  the  anhydride,  is  soluble  only  in  cold  strong 
H2SO4. 

3.  K2SO4  ppts.  a  white  double  sulphate  K4Th(S04)4,2H20,  insoluble  in 
K2SO4. 

Cerium,  Ce=138'8. 

Oxides, — CcgOg  and  Ce02,  ^^^^  basic.  Cerous  salts  white.  Ceric  salts 
orange. 

Dry  Tests. 

The  borax  bead  in  oxidising  flame  is  coloured  dark  brown  when  hot  and 
very  light  yellow  when  cold  :  colourless  in  the  reducing  flame. 
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Wet  Tests. 

I.  Ceroiis  Salts. 

Use  cerous  nitrate,  Ce{NO^)^, 

1.  H2C2O4,  as  with  thorium.    Ppt.  insoluble  in  ammonium  oxalate. 

2.  Alkalis  and  (KH^fi  ppt.  white  Ce(OH)s  oxidised  in  the  air  to  yellow 
Ce(0H)4.  Ce(0H)3  is  purely  basic  and  soluble  in  dilute  acids.  Tartaric  and 
citric  acids  prevent  its  pptn.  by  anamonia  or  (NH4)2S,  not  by  EOH. 

3.  K^04  ppts,  difficultly  soluble  white  crystalline  3KjS04,  Ce(S04)3, 
insoluble  in  K2SO4. 

II.  OerieSaUiu 

Use  eerie  ammonium  nitrate,  Ce{NO^)^,  2NH^N0^  Hfi, 

The  orange-red  colour  of  these  solutions,  and  their  tendency  to  form 
insoluble  basic  salts,  are  characteristic. 

They  are  not  usually  met  with  in  analysis,  being  specially  prepared  from 
cerous  salts  imder  certain  conditions.  If  excess  of  EOH  be  added  to  a 
cerous  salt  and  chlorine  be  led  in,  light  yellow  Ce(0H)4  is  formed,  which 
dissolves  in  dUvie  acids  to  form  eerie  salts,  but  with  strong  acids  behaves  as 
a  peroxide,  though  it  dissolves  in  strong  nitric  to  form  eerie  nitrate. 

Cerous  hydroxide  ignited  in  air  forms  CeOj,  insoluble  in  acids  in  this  case. 
As  ordinarily  met  with  CcjOs  is  cinnamon  coloured  owing  to  the  presence  of 
praseodymium.     (See  later).  . 

Cerous  salts  can  also  be  oxidised  in  acid  solutions  by  PbOj  +  HNOg,  and 
by  persulphuric  acid. 

H2O2  in  acid  solution  reduces  eerie  salts  to  cerous,  but  in  alkaline  solution 
oxidises  cerous  salts.  (Add  HjOi  to  a  cerous  salt,  then  NH4OH.)  A  reddish 
ppt.  resembling  Fe(0H)3  is  obtained  whose  composition  is  doubtful,  but 
probably  is  a  hydrate  of  CeOg  (unknown). 

Tianthanum,  La =138. 

Oxide, — ^LajOs,  readily  soluble  in  acids. 

Wet  Tests. 
Use  a  solution  of  lanthanum  nii/raJte,  La{NO^)^. 

1.  H2C2O4,  as  with  cerium. 

2.  NB4OH  and  (llfR^)^  ppt.  a  white  basic  compound,  difficult  to  filter. 

3.  KOH  ppts.  wliite  La(0H)3,  unaffected  by  oxidising  agents.    (Of.  Ceriimi.) 

4.  K^04  from  strong  solutions  ppts.  white  crystalline  3K2SO4,  La2(S04)3, 
insoluble  in  K2SO4. 

5.  Iodine. — To  a  lanthanum  salt  add  acetic  acid  and  ammonia.  Wash 
the  slimy  basic  ppt.  with  water  and  treat  with  solid  iodine.  A  blue  colour  is 
obtained  (destroyed  by  acids  or  alkalis). 


DIDYMIUMf  2^T*  *^1^^; 
IPraseodymium,  Pr=14 


Pr=140. 

These  two  metals  are  so  much  alike  in  properties  and  so  difficult  to  separate 
that  it  will  be  sufficient  to  consider  the  Didymium  reactions. 
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These  are  the  same  as  those  of  lanthanum,  except  that  the  oxalate  is 
reddish  and  that  the  solutions  of  didymium  salts  show  a  characteristic  absorp- 
tion spectrum  which  should  be  examined.  A  solution  of  didymium  nitrate 
is  placed  between  the  source  of  light  and  the  slit  of  a  spectroscope.  If 
didymium  be  present  in  the  rare  earth  oxalates  (as  it  nearly  alwa3rs  is)  the 
oxides  resulting  from  the  ignition  of  the  oxalates  are  cinnamon  coloured. 

Tttrium,  T»89. 

Dry  Tests. 
Y2O3  is  strongly  luminous  when  heated  in  the  blowpipe  flame. 

Wet  Tests. 
Use  a  solution  of  Y(NO^^. 

1.  H2C3O4  ppts.  the  white  oxalate  Y^iOfi^)^,  insoluble  in  excess,  slightly 
soluble  in  ammonium  oxalate,  but  only  with  difficulty  in  dilute  HQ. 

2.  KEflB,  and  (1104)28  ppt.  white  Y(OH)„  so  do  KOH  and  NaOH. 

3.  K2SO4  forms  a  double  salt  which  is  soltMe  in  excess  of  E2SO4.  Hence 
separation  &om  Ce,  La  and  Di. 

4.  No  absorption  spectrum  is  given  by  yttrium. 

{Hohnium. 
Thulium. 
Dysprosium. 

Dry  Tests. 

ErjO,  colours  the  bunsen  flame  green,  and  the  flame  has  a  characteristic 
spectrum,  the  bright  lines  of  which  coincide  with  the  dark  lines  of  the  absorp- 
tion spectrum  shown  by  erbium  solutions. 

Wet  Tests. 
Use  a  soltUion  of  Erbium  niircUe,  Er{NO^)^, 

1.  HsC,04  ppts.  light  red  Era(C204),. 

The  reactions  with  NH^OH,  etc.,  and  K2SO4  are  similar  to  those  of 
ythium. 

Erbium  solutions  give  a  characteristic  absorption  spectrum,  which  should 
be  examined. 

Beryllium  or  Glncinum,  Be  or  01=9*1. 

Beryllium  is  not  pptd.  by  oxalic  acid,  and  hence  is  pptd.  in  its  proper  place 
in  Qroup  III. 

Dry  Tests. 
None. 

Wet  Tests. 

1.  NB4OH  and  (1^4)28  ppt.  white  Be(0H)2,  insoluble  in  excess. 

2.  KOH  gives  the  same  ppt.  soluble  in  excess  to  form  the  beryllate, 
Be(0K)2. 
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3.  (1^4)2003  ppts.  a  white  BeCO^,  leadlly  soluble  in  excess  of  the  reagent 
(difference  and  separation  from  Al,  though  the  separation  is  not  quantitative). 
The  beryllium  is  repptd.  on  boiling  as  a  white  basic  carbonate. 

4.  Neither  ozalic  add  nor  ammonium  oxalate  ppt.  beryllium. 

5.  K^04  gives  a  double  salt,  soluble  in  excess  of  K2SO4. 

Titanium,  Ti= 48*15. 

Oxides.— Ti^Oi,  Ti^Os,  TiOg,  TiO,. 

The  first  two  are  basic,  TiOg  both  basic  and  acidic. 

Dry  Tests. 

Borax  bead.  Violet  in  reducing  flame,  especially  if  stannous  chloride 
be  present ;  otherwise  continued  heating  is  necessary. 

Wet  Tests. 
Use  a  solution  of  titanium  sulphate, 

1.  NB4OH  and  (1104)28  ppt.  orthotitanic  acid,  Ti(0H)4,  in  the  cold.  It  is 
readily  soluble  in  acids.  From  hot  solutions  metatitanic  acid,  TiO(OH)2,  is 
pptd.,  almost  insoluble  in  acids. 

2.  KOH  reacts  similarly,  the  ppt.  being  insoluble  in  excess  of  potash. 

3.  Water. — All  titanium  salts  are  readily  hydrol3rsed.  Hence  the  separa- 
tion of  titanium  from  iron,  etc.  Fuse  the  oxides  with  KHS04->  sulphates  of 
the  metals.  Extract  with  cold  water,  filter,  dilute  largely  and  boil  for  an 
hour.  A  ppt.  of  TiO(OH)|  is  obtained  which  forms  a  colloidal  solution  if 
washed  with  water.    Hence  wash  with  acid. 

Tartaric  and  citric  acids,  etc.,  prevent  the  pptn.  of  titanic  acid  (see  Iron, 
etc*). 

4.  H2O2  gives  an  orange-red  colour  (or  if  very  small  amounts  of  Ti  are 
present,  as  in  some  iron  ores  and  rocks),  a  yellow  colour  {cf.  Vanadium). 
This  is  the  most  characteristic  test  for  Ti. 

5.  K4Pe(CN)j  gives  a  brown  ppt. 

6.  zdio  in  acid  solutions  (HCl)  gives  a  violet  colour. 

2TiCl4  +  2H  =  2HC1  +  2TiCl3. 

Titanium  will  be  pptd.  as  metatitanic  acid  in  Group  III.  acoordinff  to  the  method 
described  in  Table  HI.  It  will  be  found  with  NiS  and  CoS,  and  will  be  left  as  an  insoluble 
ppt.  when  these  are  dissolved  in  aaua  regia.  It  may  be  treated  as  described  in  No.  3 
aoove.  If  Table  III.  a  is  used  (preferable  if  Ti  or  Va  are  present),  it  will  be  found  with 
the  ppt.  of  Fe,  Cr,  and  Al  hydroxides  as  metatitanic  acid,  insoluble  in  dilute  cold  HCL 
Hence  separation  and  detection. 

Vanadium,  Va = 51*2. 

Oxides,— Yfi,  VA»  V2O3,  V2O4,  VA- 

First  three  basic,  last  two  acidic,  anhydrides.  The  acidic  anhydrides 
are  the  most  important.  In  VgOg  the  resemblance  of  vanadium  to  phosphorus 
is  clearly  shown.  V2O4  (hypovanadic  anhydride)  is  a  blue  powder,  VgOg 
is  an  orange-red  crystalline  fusible  substance. 

Ortho-,  meta-  and  pyro-vanadates  are  known,  as  also  are  poly-vanadates, 
in  which  the  element  resembles  Cr.  The  latter  are  similar  in  colour  also  to 
the  dichromates. 
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Dry  Tests. 

Borax  bead.  Yellow  in  oxidising  flame,  green  in  reducing  flame.  Con- 
siderable vanadium  is  necessary  to  colour  the  bead. 

Wet  Tests. 
Use  a  sdtUion  of  an  alkali  meta-  or  pyro-vanadate. 

1.  (KB^)fi  turns  the  solution  brown  (sulpho-salts)  and  VgSg  is  pptd.  on 
acidification.    The  pptn.,  however,  is  incomplete. 

2.  H^  in  acid  solution  reduces  vanadic  acid  to  vanadyl  salts,  which  are  a 
fine  blue. 

3.  Bfii  gives  a  similar  reaction  to  titanium,  but  the  colour  is  destroyed 
by  excess  of  Hfi^. 

4.  Beduoing  agents. — Some  (SO,  and  HjS,  alcohol,  oxalic  and  tartaric 
acids,  etc.)  cause  reduction  to  vanadyl  salts. 

H2SO4  +  V2O5  +  SO2  =  V20a(S04)4  +  HjjO. 

blue 

Others  (HI,  Zn,  etc.)  reduce  it  still  further  to  green  salts  of  VgOj  (only 
visible  in  former  case  after  removal  of  iodine). 

Zn  and  other  metals  finally  reduce  the  green  solution  to  violet  salts  of  ¥202- 

5.  lfH4Cl  (solid)  ppts.  colourless  (NH4)V03  (metavanadate). 

Tantalum,  Ta= 181*5. 

Oxides. — Ta204,  indifferent.    TajOj.    Acid  anhydride. 
Solubility. — TajOj  is  very  insoluble  after  ignition,  and  the  only  way  of 
getting  it  into  solution  is  by  fusion  with  KOH  (silver  crucible). 

Dry  Tests. 
None. 

Wet  Tests. 
Use  potassium  hexatantalale. 

1.  lfH40H  and  (1^4)28  ppt.  from  acid  solutions  of  tantalates  either  tan- 
talic  acid  or  acid  ammonium  tantalate  according  to  the  excess  of  ammonia 
(prevented  by  tartaric  acid). 

2.  Dilate  HCl  ppts.  tantalic  acid  from  strong  solutions,  readily  soluble  in 
excess  of  acid.    Dilute  H2SO4  partially  ppts.  tantalic  acid  from  this  solution. 

3.  Dilate  H^04  ppts.  tantalic  acid  almost  quantitatively  on  boiling  a 
dilute  solution. 

4.  The  best  test  for  tantalic  acid  is  KP,  HP.  To  a  strong  solution  of  tan- 
talic acid  in  HF  add  KF,  which  ppts.  crystalline  diflScultly  soluble  potassium 
fluotantalate  K2TaF7,  which  on  boiling  turns  to  a  white  insoluble  basic  salt. 

5.  Nascent  lurdrogen  (Zn  +  HCl)  does  not  produce  any  colour. 

Uranium,  U='120. 

Oxides. — UO2  (copper  coloured)  basic.  Forms  uranoics  salts  when  treated 
with  acids  in  absence  of  air,  e.g.  UO2  +  4HC1  =  2H2O  +  UCI4. 
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They  are  very  readily  oxidised  to  uranyl  salts  by  exposure  to  air. 

ua4 + 0 + H,o = (U08)cia + 2Ha. 

It  will  be  seen  that  according  to  strict  definition  these  are  basic  salts. 
They  are,  however,  soluble  in  water,  the  best  known  being  the  nitrate  and 
acetate,  which  are  used  in  volumetric  analysis  for  the  determination  of  phos- 
phoric acid  (q.v.). 

UO)  dissolves  in  acids  to  form  uranyl  salts  and  is  therefore  uranyl  oxide. 
It  is  acid  to  strong  alkalis,  giving  their  uranates.    (See  below.) 

U^Og  (dark  green)  dissolves  in  acids  out  of  contact  with  air,  forming  a 
mixture  of  uranyl  and  uranous  salts.  It,  is  therefore  2UO3 .  UO2.  It  occurs 
as  pitchblende, 

2Vfi^  +  4H^04 = 2(UOj)(S04)2  +  U(S04)a  +  mfi. 

All  uranium  salts  are  yellowish-green,  similar  to  the  well-known  uranium 
glass. 

Dry  Tests. 
Yields  a  yellowish-green  borax-bead. 

Wet  Tests. 
Use  uranyl  nitrate  or  acetate, 

1.  (KH^fi  ppts.  brown  uranyl  sulphide  (U02)S,  soluble  in  acids  and  in 
ammonium  sulphide  or  carbonate. 

2.  NB^OH  ppts.  yellow  ammonium  uranate. 

UOa— ONH4. 
2(U02)(N03)2  +  6NH4OH = 4NH4NO3  +  SHjO  +  >0 

UOj— ONH4. 

3.  KOH  ppts.  yellow  potassium  uranate  similarly. 

4.  K4Pe(CN)j  ppts.  brown  uranyl  potassium  ferrocyanide  (U02)K2Fe(CN)j. 

5.  Ha2HP04  ppts.  pale  yeUow  uranyl  phosphate  (U02)HP04  •  (UO2NH4PO4 
in  presence  of  ammonium  acetate). 

6.  BaCOs  ppts.  all  the  uranium  in  the  cold.  (Composition  of  the  ppt.  doubt- 
ful :  probably  basic  carbonate). 

Uranium  is  pptd.  in  Group  III.  as  ammonium  uranate  and  is  separated 
from  the  other  metals  of  this  group  as  the  same  compound. 


Digitized  by 


Google 


CHAPTER  V. 

COURSE  OF  ANALYSIS. 

The  student  is  strongly  advised  to  follow  the  procedure  set  out  below. 

A.  To  obtain  a  thorough  knowledge  of  the  reactions  of  the  ions  by  first 
analysing  substances  containing  not  more  than  one  base  and  one  acid.  In 
this  list  also  the  elements  themselves  may  be  included,  also  free  acids,  free 
bases  and  neutral  oxides,  and  simple  insoluble  compounds  (not  complex 
insolubles). 

B.  To  obtain  a  thorough  knowledge  of  the  separation  of  the  radicab 
into  their  groups  by  analysing  mixtures  of  several  bases  and  acids  of  which 
not  more  than  one  occurs  in  any  one  group. 

C.  To  proceed  to  a  knowledge  of  the  separation  of  radicab  in  the  same 
group  by  analysing  mixtures  containing  more  than  one  base  or  acid  in  the 
same  group. 

D.  To  obtain  a  knowledge  of  the  necessary  deviations  from  the  usual 
separations  which  the  presence  of  certain  substances,  especially  phosphoric, 
oxalic,  boric,  hydrofluoric  and  several  organic  acids  renders  necessary. 

E.  To  obtain  some  knowledge  of  the  reactions  and  separatiolis  of  the 
more  common  rare  elements. 

The  methods  to  be  followed  in  each  of  the  above  cases  will  now  be  dis- 
cussed. The  student  cannot  be  too  strongly  warned  against  simply  getting 
a  mechanical  knowledge  of  the  "  tables,**  the  chemistry  of  which  he  does  not 
understand.  This  will  be  guarded  against  as  far  as  possible  by  explanations 
of  the  principles  involved  in  the  separations,  etc.,  before  proceeding  to  the 
actual  experiments. 

A.    ANALYSIS  OF  SIMPLE  SALTS,  ETC. 

The  actual  course  of  analysis  is  as  follows : 

1.  Heat  the  substance  in  a  small  tube  of  hard  glass  closed  at  one  end,  and 
observe  any  changes  that  take  place,  identifying  any  gases,  etc.,  evolved. 

2.  Heat  the  substance  on  charcoal  as  explained  previously. 

3.  Borax  bead  test,  if  necessary. 

4.  Dilute  hydrochloric  acid  test  on  the  dry  substance. 

5.  Strong  sulphuric  acid  test  on  the  dry  substance  (if  necessary). 

6.  Confirmatory  tests  for  the  acid :  1st,  AgNOg ;  2nd,  BaClj,  then  any 
others. 

-     157 
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7.  Confirmatory  (group)  tests  for  the  base.  First  the  group  reagents, 
then  confirmatory  tests. 

After  performing  the  first  five  of  the  above  tests  the  student  should  usually 
have  a  fair  idea  as  to  what  the  substance  is,  and  should  know  what  to  expect 
in  6  and  7. 

With  regard  to  the  carrying  out  of  6  and  7,  the  following  cases  arise  : 

I.  The  substance  is  soluble  in  water. — Test  with  litmus.  If  acid,  the 
substance  is  not  necessarily  an  acid,  or  even  an  acid  salt.  It  may  be  a  normal 
salt  of  a  weak  base  (all  except  alkalis  and  alkali  earths). 

If  alkaline,  the  substance  is  either  a  soluble  base  or  an  alkali  salt  of  a  weak 
acid,  such  as  carbonic,  boric,  hydrosulphuric,  phosphoric,  sulphurous,  etc. 

II.  The  substance  is  insoluble  in  water,  but  soluble  in  dilate  acids. — In 
this  case  the  confirmatory  tests  for  acids  of  Groups  II.,  III.  and  IV.  cannot  be 
carried  out  (if  it  is  necessary  to  do  so)  on  the  original  substance.  The  acid 
must  therefore  be  brought  into  a  water-soluble  form  (i.e.  converted  to  its 
sodium  salt)  by  boiling  the  substance  with  some  sodium  carbonate  solutions, 
filtering,  exactly  neutralising  the  filtrate  with  nitric  acid  and  carrying  out  the 
tests  with  this  neutral  liquid. 

III.  The  substance  is  insoluble  except  in  strong  acids  or  in  aqua  regia. — In 
this  case  the  action  of  the  concentrated  acid  may  destroy  the  original  acid, 
e.g.  certain  sulphides  are  soluble  only  in  strong  nitric  acid  or  aqua  regia, 
in  which  case  the  sulphide  is  destroyed  ;  or,  again,  it  may  alter  the  character 
(valency)  of  the  base,  e.g.  Hg2Cl2  i^^st  be  dissolved  in  aqua  regia,  when  it 
becomes  mercuric  chloride.  In  cases  b'ke  these  the  student  must  learn  by 
experience  what  alternatives  present  themselves ;  a  good  idea  should  have 
been  obtained  from  the  preliminary  tests. 

The  acid  in  substances  of  this  class  may  have  to  be  tested  for  as  in  case  II., 
and  the  base  may  have  to  be  tested  for  in  the  residue  which  is  left  on  the 
filter  when  the  substance  is  boiled  with  sodium  carbonate  and  filtered.  It 
will  be  present  as  carbonate,  basic  carbonate  or  oxide,  and  may  therefore 
be  dissolved  in  dilute  nitric  acid  (after  thorough  washing)  and  the  base  tested 
for  in  this  solution. 

IV.  The  substance  is  insoluble. — It  is  fused  on  a  piece  of  broken  porcelain 
(or  on  platinum  foil,  unless  a  reducible  metal  be  present)  with  excess  of  fusion 
mixture  (in  a  few  cases  caustic  alkali  may  be  necessary).  The  melt  is  extracted 
with  hot  water,  filtered,  the  acid  tested  for  in  the  filtrate  and  the  base  in  the 
residue,  as  already  indicated  in  II.  and  III. 

Simple  insoluble  substances  are  AgCl  (AgBr,  Agl),  BaS04,  SrS04,  PbS04, 
SiOg;  freshly  ignited  AlgOj,  CrjOj,  SnOg;  some  ferro-  and  ferricyanides, 
e.g.  Prussian  and  TumbiiU's  blue  ;  artificial  SnS2  (mosaic  gold).  (For  details 
of  treatment  see  page  164.) 

Confirmatory  Tests  for  Acid. 

The  systematic  search  for  acids  according  to  groups  will  generally  be 
found  unnecessary. 

The  action  of  dilute  HG  and  of  strong  H2SO4  on  the  dry  substance  will 
have  indicated  the  acid  sufficiently  to  enable  the  necessary  confirmatory  tests 
to  be  applied  at  once. 
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The  acids  which  give  no  visible  test  with  either  of  the  above  reagents 
are : 

Sulphuric,  phosphoric,  boric,  arsenious,  arsenic,  antimonious,  antimonic 
and  silicic  (in  insoluble  silicates). 

These  should  be  tested  for  separately  in  the  above  order. 

It  should  be  remembered  that  if  the  base  is  in  Group  I.  (which  will  have 
been  shown  by  the  charcoal  tests),  barium  nitrale  and  nitric  acid  must  be 
used  as  a  test  for  sulphuric  acid,  otherwise  an  insoluble  ppt.  of  the  chloride 
of  the  base  is  formed,  which  may  be  mistaken  for  BaS04. 

It  is  much  better,  however,  to  add  barium  chloride  to  the  solution  of  the 
substance  in  dilute  HCl.  In  this  case  no  mistake  can  be  made,  for  salts  of 
Group  I.  metals  will  not  (apparently)  dissolve  in  dilute  HCl,  a  ppt.  of  the 
chloride  forming  at  once.  If  this  is  found  to  be  the  case,  then  confirm 
sulphuric  acid  by  making  a  fresh  solution  in  dilute  HNO3  and  adding 
Ba(N03)2. 

It  is  very  necessary  to  know  whether  phosphoric,  oxalic  or  hydrofluoric 
acids  are  present  before  proceeding  to  the  Group  tests,  or  misleading  results 
may  be  obtained  in  Group  III.   (See  below.) 

Should  the  student  desire  to  work  through  the  group  tests  for  acids  the 
following  is  the  scheme. 

A.  The  original  aqueous  neutral  solution  of  the  acid  radical  (prepared  if 
necessary  by  the  action  of  sodium  carbonate  as  already  indicated)  is  treated 
with  AgNO,. 

1.  No  ppt.    The  acid  is  in  Group  V.  or  VI. 

2.  A  ppt.  First  make  sure  that  the  ppt.  is  '*  genuine  "  by  adding  water 
and  warming.  If  it  dissolves  it  is  silver  sulphate,  nitrite  or  acetate,  caused 
by  the  use  of  too  strong  a  solution  and  the  limited  solubility  of  these 
salts. 

If  the  ppt.  is  a  **  real  *'  one,  the  next  step  is  to  see  if  it  is  soluble  in  dilute 
HNO3,  best  done  by  taking  Sk  fresh  portion  of  the  original  solution  and  adding 
first  HNO3,  then  AgNOj. 

1.  No  ppt.    The  acid  is  in  Group  II.  or  III.  (or  VII.). 

2.  A  ppt.    The  acid  is  in  Group  I. 

B.  The  original  aqueous  neutral  solution  is  treated  with  BaClg.  (Ba(N03)2 
if  the  base  is  in  Group  I.). 

1.  No  ppt.    The  acid  is  in  Groups  I.,  II.  or  V.  (or  VII.). 

2.  A  ppt.  First  make  sure  that  it  is  "  genuine  "  as  in  A  2.  above  (for  BaCl^ 
and  Ba(N03)2  are  pptd.  sometimes  if  a  strong  solution  of  a  chloride  or  nitrate 
is  used,  owing  to  the  limited  solubility  of  these  and  the  Mass  Law). 

If  it  is  a  ppt.  find  out  whether  it  is  soluble  in  dilute  HNO3  (best  by 
adding  dilute  HNO3  to  a  fresh  portion  of  the  original  solution  and  then  some 
Baa,). 

1.  No  ppt.    The  acid  is  in  Group  III.  or  IV.  (or  VII.). 

2.  A  ppt.    The  acid  is  in  Group  VI. 
Apply  confirmatory  tests. 

The  poMibility  of  there  being  no  acid  radical  present  (substance  is  an  element, 
base,  neutral  or  peroxide)  should  not  be  forgotten.  The  preliminary  tests 
indicate  the  presence  of  these. 
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Oonflimatory  Tests  for  Base. 
A.    NOT  MORE  THAN  ONE  BASE  AND  ONE  ACID  PRESENT. 

Dissolve  the  substance  in  water,  and  add  dilute  HCl  to  a  small  portion. 
If  a  white  ppt.  is  obtained,  the  base  is  in  Group  I. 

If  the  substance  is  insoluble  in  water,  the  following  solvents  should  be 
tried : 

1.  Dilate  HO,  first  cold,  then  hot.  A  small  pinch  of  the  finely-powdered 
substance  is  added  to  half  a  test-tube  of  the  solvent ;  only  thus  can  it  be  seen 
whether  it  is  soluble  or  not.  If  it  dissolves  only  in  hot  dilute  HCl,  cool  the 
solution  under  the  tap.  A  white  crystalline  ppt.  on  cooling  will  be  lead 
chloride,  and  the  substance  may  be  litharge,  etc.,  lead  carbonate,  or  some  basic 
salt  of  lead. 

2.  Strong  HQ,  first  cold,  then  hot.  (Procedure  as  in  1.)  Several  sul- 
phides, insoluble  in  dilute  HCl,  are  soluble  in  strong  HCl,  though  somewhat 
slowly,  e.g.  HgS,  SbgSj,  etc.  The  HjS  evolved  will  usually  be  masked  by 
the  HCl  fumes,  and  should  therefore  be  tested  for  with  a  filter-paper  soaked 
in  an  alkaline  lead  solution  (add  excess  of  NaOH  to  lead  acetate  solution). 
H2S  causes  a  dark  stain  of  PbS.  Strong  HCl  is  also  the  correct  solvent  for 
several  ignited  oxides,  especially  Fe^Og,  which  dissolve  slowly  in  the  dilute  acid. 

3.  Dilute  HN03. — This  is  useful  in  the  case  of  a  few  sulphides  which  are 
not  readily  soluble  in  HCl.  It  would  also  be  the  correct  solvent  for  oxides, 
carbonates,  etc.,  of  bases  in  Group  I.,  which  do  not  dissolve  readily  in  HCl 
for  obvious  reasons  (page  25),  abo  for  Cu^O. 

4.  Aqua  regia. — To  1  c.c.  of  strong  HNOj  add  4  c.cs.  of  strong  HCl  and 
warm  gently.  3HC1  +  HNO3  =  2H,0  +  NOCl  +  CI,. 

The  "  nascent  "  chlorine  is  the  main  factor  in  the  solvent  action. 

This  solvent  will  be  necessary  for  some  sulphides,  e.g,  HgS,  etc.  Also  for 
mercurous  chloride,  which  is  oxidised  to  mercuric  chloride. 

The  student  is  again  reminded  that  solvents  3  and  4  may  alter  the  valency 
of  a  metal ;  in  the  case  of  mercurous  mercury  making  it  appear  in  Group  II. 
instead  of  in  Group  I. 

The  above  solvents  should  always  be  tried  in  the  order  indicated. 

To  prepare  the  solution  add  about  as  much  of  the  finely-powdered  sub- 
stance as  will  cover  a  sixpence  to  the  minimum  amount  of  solvent  necessary 
to  dissolve  it.  In  case  water  or  dilute  HNO3  is  the  correct  solvent,  add  some 
dilute  HCl  to  a  portion  of  the  solution.  A  white  ppt.  shows  the  base  to  be 
in  Group  I. 

N.B, — Remember  that  thiosulphates  ppt.  sulphur. 

If  no  ppt.  is  obtained  with  dilute  HCl,  pass  H^S  into  the  same  portion, 
A  coloured  or  black  ppt.  shows  the  base  to  be  in  Group  II. 

If  strong  HCl  is  the  solvent,  dilute  tvith  thrice  its  volume  of  water  before  passing 

N,B, — Oxidising  agents,  such  as  nitrous  or  nitric  acids,  ferric  salts,  chromates,  free 
halogens,  especially  chlorine  left  from  aqua  regia  (which  should  have  been  eyaporated 
nearly  dry  and  taken  up  in  water),  also  sulphurous  acid,  etc.,  cause  a  ppt.  of  sulphur. 
This  is  nearly  always  white,  but  may  sometimes  be  yellow.  An  idea  as  to  what  to  expect 
should  have  been  obtained  from  the  preliminary  tests. 
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If  no  ppt.  is  obtained  with  H^S  throw  away  the  portion  used,  and  to  a 
fresh  portion  of  the  original  solution  add  ammonium  chloride  and  ammonia. 
Note  any  ppt.  and  to  it  add  a  drop  of  ammonium  sulphide  (or  better,  pass 
HjS  for  a  few  moments),  and  note  any  change  of  colour. 

The  colour,  etc.,  of  the  ppt.  should  give  some  idea  of  what  is  present. 

N.B, — The  salts  (except  those  of  the  alkalis)  of  certain  acids,  especially 
phosphoric,  oxalic,  and  hydrofluoric,  and  a  few  chromates,  especially  barium, 
are  not  soluble  in  water,  but  in  dilute  HCl.  On  neutralising  this  HCl  by 
ammonia,  the  original  salt  is  pptd. 

E.g.  Ca3(P04),  +  GHO  =  SCaCl^  +  2H3PO4. 

3CaCl,  +  2H3PO4  +  6NH4OH  =  Ca3(P04),  +  6NH4CI  +  GH^O. 

Hence  it  is  necessary  to  know  whether  these  adds  are  present  or  not  before 
coming  to  Group  III.  or  the  beginner  may  be  misled. 

If  no  ppt.  is  obtained  with  NH4OH  or  (NH4)2S,  to  the  same  solution  add 
(NH4)2C03  and  boil.     A  white  ppt.  shc^ws  the  presence  of  Group  IV. 

If  no  ppt.  is  obtained  with  (NH4)aC03,  to  the  same  solution  (cooled)  add 
Na2HP04  and  rub  the  sides  of  the  tube  with  a  glass  rod.  A  white  crystalline 
ppt.  shows  the  presence  of  magnesium. 

If  no  ppt.  is  obtained  with  Na2HP04,  the  original  solution  must  be  tested 
for  sodium,  potassium  and  ammonium,  separately ;  the  two  former  by  the 
flame  test  and  their  reagents  ;  the  latter  by  (a)  grinding  a  portion  of  the  solid 
with  quicklime  in  a  mortar,  or  (b)  by  heating  with  NaOH  solution,  both  of 
which  cause  the  evolution  of  ammonia.  NaOH,  however,  will  cause  ammonia 
to  be  evolved  from  amides  as  well  as  ammonium  salts. 

Having  found  to  which  group  the  base  belongs,  the  next  thing  is  to  apply 
confirmatory  tests. 

I.  The  ppt.  is  in  Group  L 

Allow  it  to  settle,  pour  off  the  liquid,  wash  the  ppt.  once  with  cold  water, 
decant,  add  some  more  water  and  boil. 

(a)  The  ppt.  dissolves. — It  is  PbCl^. 

(b)  The  ppt,  does  not  dissolve. — It  is  AgCl  or  HgaClg.  Allow  to  settle, 
decant  and  treat  with  ammonia.  If  the  ppt.  dissolves,  it  is  AgCl ;  if  it  turns 
black  it  is  HgaCl^. 

Apply  confirmatory  tests  to  the  original  solution,  noting  especially  the 
action  of  KOH. 

N.B. — The  ppt.  may  possibly  be  TlCl  or  WO,  (the  rare  metals  of  Group  II.).  Apply 
oonfirmatoiy  tests  to  the  original  solution. 

II.  The  ppt.  is  in  Group  II. 

If  black,  it  is  CuS,  or  HgS. 
If  yellow  it  is  CdS,  As^Sj  or  SnSj. 
If  dark  brown  it  is  BijSs  or  SnS. 
If  orange,  it  is  SbjSj. 

Decant  and  wash  once  as  before,  and  if  yellow,  orange  or  dark  brown  add 
one  or  two  c.cs.  of  yellow  ammonium  sulphide  and  warm. 
11 
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The  ppL  dissolves, — The  base  is  in  Group  II.  B. 

The  ppL  does  not  dissolve. — The  base  is  in  Group  II.  A.  Perform  con- 
firmatory tests  on  the  original  solution.  In  case  As  or  Sb  are  known  to  be 
present  do  not  use  KOH,  which  may  give  misleading  results  (see  p.  94). 
If  not,  note  especially  the  action  of  KOH  added  dropwise  till  present  in 
excess. 

III.  The  ppL  is  in  Group  1 11.^ 

A.  Phoephorio,  oxalic,  etc.,  adds  are  known  to  be  absent. 

I.  The  ppt  was  formed  on  addition  of  NHJJH. 

(a)  Did  not  change  on  adding  H^S  [or  {NH4)^].  The  ppt.  is  Al(0H)3 
or  Cr(0H)3. 

(6)  It  went  black  on  adding  H^.  The  ppt.  is  Fe(OH),  or  Fe(OH), 
(according  to  its  original  colour). 

II.  The  ppt,  was  not  formed  until  H^  was  added, 

(a)  It  is  black.    NiS  or  CoS. 

(b)  It  is  white.    ZnS. 

(c)  It  is  bujS  or  flesh  coloured.    MnS. 

N.B, — Mn(0H)2  is  soluble  in  NH4CI,  but  on  standing  in  the  air,  or  in  the 
presence  of  oxidising  agents,  a  brown  or  black  ppt.  of  MnO(OH)2  forms. 

Apply  confirmatory  tests  (especially  KOH  as  before)  to  the  original 
solution, 

B.    PhoBphoric,  etc.,  acid  is  present. 

In  this  case  the  original  salt  is  pptd.  on  adding  NH4OH.  The  original 
acid  must  be  identified.  If  it  is  hydrofluoric,  it  must  be  got  rid  of  in  the 
manner  described  under  confirmatory  tests  for  this  acid. 

If  the  acid  is  chromic,  the  ppt.  will  be  BaCr04.  The  original  solution  must 
be  boiled  with  plenty  of  dilute  HCl  and  some  alcohol,  which  reduces  it  to 
chromic  chloride  and  barium  chloride.  The  chromium  is  pptd.  as  Cr(OH)g 
by  adding  NH4CI  and  NH4OH,  boiling  well  in  a  basin,  and  filtering.  The 
(>(0H)8  is  rejected  and  the  filtrate  is  tested  for  barium  by  adding  (NH4)2COj. 
Confirmatory  tests  (dilute  H28O4)  are  made  on  the  original  solution. 

If  the  acid  is  oxalic,  the  dry  salt  should  be  cautiously  heated,  when  CO 
is  evolved  and  a  carbonate  is  left,  which  is  dissolved  in  dilute  acid  and  this 
solution  used  for  the  group  tests. 

If  the  acid  is  phosphoric,  the  ppt.  caused  by  NH4OH  may  be  the  phos- 
phate of  iron  (very  pale  yellow),  chromium  (green),  aluminium,  manganese, 
nickel  (green),  cobalt  (blue),  barium,  strontium,  calcium  or  magnesium 
(all  white).  Zinc  phosphate  is  soluble  in  NH4CI.  The  colour  should  be  noted, 
and  the  action  of  HjS  (or  (NH4)28)  tried.  The  phosphates  of  Fe,  Ni  or  Co 
turn  black,  due  to  the  formation  of  sulphide.  The  phosphate  of  manganese 
turns  flesh  coloured  (MnS),  and  ZnS  is  pptd.  (white).  AJPO4  (white),  CrP04 
(green)  and  the  phosphates  of  Ba,  Sr,  Ca  and  Mg  remain  unaltered. 

We  have  therefore  only  to  decide  between  the  phosphates  of  Al,  Ba,  Sr, 
Ca  and  Mg. 
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To  the  original  solution  add  KOH  dropwise  till  in  excess.  If  the  white 
ppt.  first  formed  dissolves  in  the  excess  of  alkali,  the  base  is  AI.  If  not,  it  is 
Ba,  Sr,  Ca  or  Mg. 

To  see  which,  to  the  solution  of  the  original  substance  in  acetic  acid  add 
much  CaS04  solution. 

(1)  An  inmiediate*ppt.  (slight  one  only)  =  BaS04. 

(2)  A  gradual  (slight)  ppt.,  especially  on  gently  warming  and  standing  for 
a  few  minutes =SrS04. 

(3)  No  ppt.  =  Ca  or  Mg. 

To  see  which,  to  original  solution  (which  will  be  in  dilute  HCl)  add  dilute 
H28O4  and  an  equal  bulk  of  alcohol.  A  white  ppt.  =  CaS04.  No  ppt.— 
Mg. 

To  confirm  any  of  the  above  four  metals,  the  original  phosphate  is  boiled 
with  some  sodium  carbonate  solution  for  several  minutes.  The  liquid  is 
filtered,  the  residue  of  the  metallic  carbonate  is  well  washed  with  hot  water, 
dissolved  in  dilute  acetic  acid  and  the  usual  confirmatory  tests  applied. 

N,B. — The  rare  metals  are  not  included  in  the  above. 

IV.  The  ppt,  is  in  Group  IV , 

To  the  original  solution  in  water  (or  acetic  acid  if  insoluble  in  water)  add 
much  CaS04  solution. 

An  inmiediate  ppt.  =Ba. 
A  gradual  ppt.  =Sr. 
No  ppt.  =Ca. 

Apply  confirmatory  tests  to  the  original  solution. 

V.  The  ppt.  is  in  Group  F. 

In  this  case  the  ppi.  is  the  confirmatory  test,  there  being  no  group  reagent 
for  Group  V.,  which  has  been  discussed  above. 

The  poiiibility  that  there  is  no  base  present  (the  substance  is  a  non-metallic 
element  or  a  ftee  acid)  should  not  be  forgotten.  The  preliminary  tests  will 
indicate  the  absence  of  these. 

Insoluble  Substances. 

These  consist  of : 

Silver  halides  and  cyanide.    AgCl,  AgBr,  Agl  and  AgCN  (not  AgF). 

Sulphates  of  Ba,  Sr  and  Pb. 

Oxides  of  Al  and  Cr  (AI2O3  and  CrjOs)  native  or  ignited. 

Silica,  SiOj,  native  TiOj,  native  or  ignited  SnOg  and  Sb|04  (partly  soluble 
in  hot  strong  HCl). 

Mosaic  gold,  SnS2. 

Silicon,  carbon,  carborundum  (CSi). 

Many  silicates. 

Prussian  and  Turnbull's  blue  (soluble,  however,  after  long  treatment  with 
aqua  regia)  and  other  complex  cyanides. 

Sulphur  is  soluble  by  long  treatment  with  strong  HNO3,  ^^^  ^  ^^^  treated 
thus.    It  is  unmistakable. 
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Of  the  above  substances,  CtjOj  and  SnS,  are  unmistakable  in  appearance, 
and  the  silver  halides  are  readily  fusible. 
'  Silver,  lead  and  tin  will  also  be  found  in  the  preliminary  tests. 

The  above  substances  are  brought  into  solution  by  special  methods  depend- 
ing on  the  substance. 

Silver  oompounds  are  fused  in  a  crucible  and  when  cold  treated  with  dilute 
sulphuric  acid  and  a  piece  of  zinc,  thereby  being  reduced  to  metallic  silver. 
This  is  dissolved,  after  washing,  in  hot  dilute  HNOj.  The  acid  (except 
hydrocyanic)  will  be  foimd  in  the  filtrate.  Hydrocyanic  is  recognised  in  the 
preliminary  tests. 

Lead  snlikfaate  is  soluble  in  boiling  KOH  solution.  H2S  ppts.  lead  sulphide 
from  the  filtrate,  and  the  acid  is  found  in  combination  with  the  potassium. 
It  may  also  be  fused  with  fusion  mixture.     (See  below.) 

Barium  and  strontiiim  sulphates  are  fused  with  several  times  their  weight 
of  fusion  mixture,  either  on  platinum  foil  or  a  clean  piece  of  a  broken  porcelain 
basin.  The  melt  is  quickly  extracted  with  hot  water,  filtered  and  the  filtrate 
acidified  with  dilute  HNOj  and  tested  with  BaClj. 

The  residue  of  carbonate  on  the  filter  is  washed  thoroughly  with  boiling 
water  and  dissolved  in  dilute  nitric  acid.  This  solution  is  tested  for  Ba  or 
Sr  in  the  usual  way. 

Tin  dioxide  and  tin  disolphide. — ^Are  either  (1)  Heated  in  hydrogen,  and 
reduced  to  tin,  which  is  dissolved  in  moderately  strong  HCl,  or  (2)  Fused  with 
KCN,  and  reduced  to  tin,  or  (3)  Fused  with  fusion  mixture  and  sulphur, 
the  tin  being  thereby  converted  into  NajSnSj  (thio-stannate),  soluble  in 
water,  whence  HCl  ppts.  SnSg  in  acid-soluble  form. 

Antimony  tetroxide  is  treated  as  in  (3)  for  tin. 

AI2O3  and  CTsOs. — These  are  fused  with  KHSO4. 

2KHSO4  =  H2O  +  K2SO4  +  SO3, 

being  thereby  converted  into  sulphates.     The  melt  should  dissolve  in  water. 
(Chromite,  FeO,  CrgOj,  is  treated  thus). 

Alternatively,  they  may  be  fused  with  fusion  mixture,  with  addition, 
in  case  of  CrgOj,  of  some  KNO3.  Sodium  aluminate,  Al(0Na)3,  and  sodium 
chromate  are  thereby  formed. 

(1)  AI2O3  +  GNagCOj  =  2Al(ONa)8  +  GCOg. 

(2)  Cr203  +  2Na2C03  +  30  (from  KNO,)  =  2Na2Cr04  +  2CO2. 

The  melt  is  extracted  with  water,  filtered  if  necessary,  and  the  filtrate 

(1)  Acidified  with  HCl  and  made  alkaline  with  ammonia,  which  ppts. 
A1(0H)3. 

(2)  Acidified  with  acetic  acid  and  tested  for  chromate  with  lead  acetate 
or  barium  chloride. 

Ti02  is  fused  with  fusion  mixture,  whereby  sodium  metatitanate  is  formed, 
insoluble  in  water,  but  soluble  in  HCl. 

Inioluble  silicates  are  decomposed  by  fusion  with  excess  of  fusion  mixture 
(they  must  first  be  very  finely  powdered).  The  melt  is  treated  with  water 
and  the  whole  (soluble  and  insoluble  suspension)  acidified  strongly  with  HCl 


Digitized  by 


Google 


COURSE  OF  ANALYSIS  165 

and  evaporated  dry.    It  is  then  moistened  with  strong  HCl  and  again  dried. 
It  is  then  treated  with  hot  dilute  HCl  and  filtered. 

Beddiie  is  SiO,  (partly  hydrated). 

Solution  contains  the  chlorides  of  the  bases. 

InMdable  oomplez  cyanides  are  decomposed  by  boiling  with  EOH  in  a 
basin.  The  hydroxide  of  the  base  will  be  left,  the  acid  going  into  solution. 
Dilute,  filter  and  confirm. 

fj^iJMnm  fluoride,  etc.,  may  be  decomposed  by  evaporating  with  strong 
H2SO4  and  treating  the  residual  sulphate  as  may  be  necessary  (CaS04  dissolved. 
in  dilute  HCl,  BaS04  as  above,  etc.). 

Carbon. — Burn  in  oxygen  and  bubble  product  through  lime-water. 
Graphite  will  not  burn  in  air,  and  not  easily  in  oxygen.  It  may  be  mixed 
with  ENO3  and  heated  in  a  hard  glass  tube  and  the  gases  evolved 
bubbled  through  lime-water. 

Silicon  dissolves  in  molten  fusion  mixture. 

Si  +  Na^COj  +  0  =  Na^SiOs  +  CO. 

(from  air)  (soluble  in  water) 

Carbonmdiim,  CSi. — Fuse  the  finely-powdered  substance  with  alkali  in 
a  silver  crucible. 

CSi  +  4K0H  +  02  =  K2CO3  +  KjSiOj  +  2H2. 

(from  air) 

Test  for  carbonate  and  silicate  in  the  product. 


B.     AHALTSIS   OF    MIXTURES    CONTAINING  NOT   MORE  THAN   ONE 
BASE   OR  ACID   IN  THE   SAME   QROUP. 

In  this  case  the  bases  must  be  separated  and  the  confirmatory  tests  applied 
to  each  after  separation.  It  may  or  may  not  be  necessary  to  separate  the 
acids ;  they  can  generally  be  tested  for  separately.  A  few  of  the  more 
important  separations  will  be  discussed. 

The  preliminary  tests  are  carried  out  as  before,  except  that  heating  in  a 
closed  tube  may  not  give  any  characteristic  results. 

If  the  substances  can  be  separated  by  the  use.  of  different  solvents,  this 
should  be  done,  and  the  solution  of  each  is  analysed  as  above  for  simple 
substances. 

If  not,  it  is  necessary  to  separate  them  by  means  of  the  gronp  reagents. 
The  ppts.  are  washed  and  dissolved  in  suitable  solvents  and  confirmed  in  the 
usual  way. 

The  separation  of  the  bases  into  their  groups  is  carried  out  as  folk)ws  : — 

{N.B. — This  table  is  used  however  many  bases  may  be  present  in  any 
group.) 
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TREATUENT  OF  THE  GROUP  PPT. 

{See  under  each  metal  for  solvent  for  group  ppt.  and  confirmatory  test^.) 

Ppt.  is  in  Gronp  I. — Pour  boiling  water  into  the  filter.  If  the  ppt.  dis- 
solves it  is  PbClj.    Confirm  by  testing  this  solution. 

If  it  does  not  dissolve,  pour  a  little  warm  ammonia  solution  into  the 
filter. 

(a)  The  ppt.  dissolves  ;  it  is  AgCl.    Repptd.  by  HNO3. 

(b)  The  ppt.  turns  black ;  it  is  Hg^Clg.  Confirm  by  usual  tests  (copper- 
foil  test  best  here).  Treat  blackened  ppt.  with  HCl  and  boil  with  a  piece 
of  copper-foil. 

For  rare  metals,  see  under  each  metal.  The  ppt.  of  silicic  acid  will  mean 
that  the  filtrate  must  be  freed  from  this,  as  described  on  p.  164. 

Ppt.  is  in  Qronp  n. — If  yellow,  orange  or  dark  brown,  warm  a  portion 
with  yellow  (NHJjSj.    If  it  dissolves  it  is  AS2S3  or  5,  SbaSj  or  5,  SnS,  SnSg. 

If  yellow  and  insoluble,  it  is  CdS. 

If  black,  it  is  CuS,  PbS,  HgS. 

The  correct  solvent  for  CdS,  CuS  and  PbS  is  the  minimimi  of  hot  dilute 
HNO3.    -^Pply  confirmatory  tests  to  this  solution. 

The  correct  solvent  for  HgS  is  a  little  aqua  regia.  Evaporate  the  solution 
nearly  dry,  dilute  with  water  and  apply  confirmatory  tests  to  this. 

If  the  ppt.  is  CdS,  confirm  by  the  "  flcwh  "  tests. 

If  the  ppt.  is  AsjSj  or  SbjSj,  confirm  by  **  flash  "  tests,  etc.  (See  under 
each  metal.) 

As.  may  be  confirmed  by  dissolving  the  ppt.  in  a  little  warm  NH4OH 
and  H2O2,  whereby  it  is  oxidised  to  ammonium  arsenate.  Evaporate  just 
dry,  take  up  in  water  and  confirm  by  adding  silver  nitrate. 

(The  H2O2  should  be  free  from  HCl,  or  the  silver  arsenate  may  be  masked 
by  white  AgCl.) 

Tin  is  confirmed  by  dissolving  in  the  least  amount  of  warm,  strong  HCl 
(freeing  from  H2S),  and  to  a  portion  adding  KOH  dropwise  till  in  excess.  A 
ppt.  forms,  soluble  in  excess  of  alkali. 

To  see  whether  stannous  or  stannic,  to  the  other  portion  add  1  or  2  drops 
of  HgClj-  White  ppt.  of  Hg2Cl2  shows  it  to  be  stannous  ;  no  reaction, 
stannic. 

A  black  ppt.  in  Group  II.,  soluble  in  ammonium  sulphide,  may  be  gold 
or  platinimi  sulphides.    Solvent,  aqua  regia. 

Note  that  the  other  rare  metals  of  Group  II.  (platinum  metals  excepted) 
are  not  pptd.  by  H2S  in  acid  solution,  except  molybdenimi,  the  pptn.  of  which 
takes  a  long  time.  No  difficulty  will  therefore  be  experienced  with  these 
metals  in  this  group.  The  correct  way  to  ppt.  them  is  to  add  (NH4)2S  till 
the  ppt.  is  redissolved,  and  then  acidify  with  HCl.  (This  is  done  after  the 
separation  by  H2S  from  acid  solution.)  It  will,  of  course,  brin^  down  NiS 
and  CoS  if  present.  These  are,  however,  readily  confirmed  by  the  preliminary 
tests. 

N.B. — Sometimes  when  the  group  ppt.  is  tested  with  ammonium  sulphide,  it  apparently 
turns  black.  This  is  due  to  the  presence  of  iron,  nickel  or  cobalt  in  the  mixture,  and  to 
insufficient  washing  of  the  Group  II.  ppt.  from  the  solution  of  these  metals. 
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Ppt.  is  in  Gronp  IIL — The  colour  of  the  ppt.  or  the  change  of  colouj  on 
passing  HjS  is  fairly  conclusive,  except  that  Ni  and  Co  both  give  black  ppts. 
with  R^,  and  none  with  NH4a  and  NH4OH. 
.     The  solvents  for  the  ppts.  in  this  group  are  : 

DUiUe  HQ  for  all  except  NiS  and  GoS.  Boil  ofE  the  H^S  produced  before 
applying  confirmatory  tests. 

Aqita  regia  for  NiS  and  CoS.  Boil  just  dry  and  redissolve  in  water  before 
applying  confirmatory  tests. 

^.  is  in  Oronp  IV. — ^Dissolve  it  in  hot  dilute  acetic  acid.  See  whether  it 
is  barium,  strontiimi  or  calcium  by  testing  with  CaS04.  Then  apply  other 
confirmatory  tests. 

The  detection  of  Group  V.  metals  has  been  indicated  in  Table  A. 


TABLE  D.— BARIUM  CHLORIDE  SEPARATION. 

The  neutral  aqueous  solution  containing  the  acid  radicals  is  treated  with 
excess  of  BaCl^aq. 


No  ppt. 
Groups  III., 


IV.    and 
absent. 


VI. 


A  ppt.  is  formed. — ^Add  dilute  HCl  and  warm. 

The  ppt.  does  not  The  ppt  partly  or  wholly  dissolves, 
dissolve. — Group  VI.  Note  that  thio-sulphates  and 
is  present.  sulphites  are  destroyed,  the  former 

with  pptn.  of  S. 
Filter  if  necessary. 


In  either  case,  add  to  the  filtrate  KOHaq  till  exactly 
neutral. 


A  ppt.  forms. 

Groups  III.  and  IV. 
are  present. 


No  ppt.  forms. 
III.  and  rV.  absent. 


The  above  two  tables  are  not  really  necessary.  The  preliminary  tests 
should  give  indications  of  ali  adds  which  may  be  present  except  a  few  non- 
volatile ones.  Those  indicated,  and  thoSfe  few  that  are  not  thus  indicated, 
are  readily  tested  for  separately.  The  possibility  of  mixtures  of  acids  masking 
one  another  should  not  be  lost  sight  of.    (See  p.  142.) 
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C.    AKALTSn   OF  MIXTURES  COMTAINING  MORE  THAN  ONE 
BASE  IN  A   GROUP. 

The  separation  of  the  bases  into  their  groups  is  carried  out  as  in  Tables 
A  or  B,  according  to  the  absence  or  presence  of  phosphoric  acid. 

Each  group  ppt.  is  then  treated  according  to  the  following  methods  : 
Group  I.  metals  are  separated  by  taking  advantage  of : 

The  solubility  of  PbCl^  in  boiling  water. 

The  solubility  of  AgCl  in  ammonia. 

TABLE  I.— Seiiaraiion  of  Oronp  I.  metals. 

The  ppt.  is  treated  with  boiling  water,  which  is  poured  into  the  filter, 
caught  in  a  boiling  tube,  boiled  up  again  and  poured  over  it  again.  Finally 
wash  with  boiling  water,  rejecting  washings. 


FUtrate. 

Cf.  Pb  by 
KjCr04,  KI, 
H^04,  etc. 


Residue. — Treat   several   times    (as   above)    with   warm 
If  the  residue  turns  black,  Hg2Cl2  is  present. 


ammonia 


FUtrate. 

Acidify  with 
dUute    HNOj. 
White  ppt. 
=Ag. 


Residue. — Will  be  black.  Transfer  some 
to  a  test-tube  with  a  strip  of  copper-foil  and 
boil.  A  grey  deposit  of  Hg  appears  on  the 
foil,  which  on  rubbing  takes  a  bright  polish. 


Group  II.  metals  are  separated  into  two  portions  by  the  solubility  of  the 
thio-acids  (su|phides  of  arsenic,  antimony,  tin,  gold,  platinum)  in  (NH4)2Ss. 

Of  those  insoluble  in  this  reagent,  HgS  is  insoluble  in  hot  HNOs. 

PbS04  is  insoluble.    Bi(0H)3  is  insoluble  in  ammonia. 

Cu  is  "  suppressed  "  by  KCN,  as  H2S  has  no  action  on  the  cuprocyanides, 
and  CdS  is  pptd.  by  H2S  under  these  conditions. 
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TABLE  n.  (A).--JStoparation  of  Gronp  n.  Metals. 

A  hole  is  made  in  the  filter,  the  ppt.  is  washed  through  into  a  basin  with 
warm  yellow  (NH4)2S2,  and  the  whole  just  boiled  and  filtered. 


Residue.— HgS,  PbS,  CuS,  Bi^Ss,  CdS.  Wash  with  EgS 
water,  make  a  hole  in  filter,  wash  through  into  a  basin  with  a 
stream  of  hot  water  from  wash-bottle,  using  as  little  water  as 
possible.  Raise  to  boil,  and  add  hot,  strong  HNO3,  ^^^  ^^P 
at  a  time,  with  a  short  wait  between  each  drop.  As  soon  as 
ppt.  has  either  dissolved  (except  for  a  little  sulphur)  or  turned 
white,  filter  and  wash  with  hot  water. 


Residue. 

Hg^CNOa), 

Dissolve  in 
a  very  small 
quantity  of 
aqua  regia, 
evaporate 
nearly  dry, 
dissolve  in 
water  and 
confirm. 


Filtrate. — The  other  bases  as  nitrates.  If  the 
solution  in  HNO,  is  carried  out  as  above,  no 
PbS04  will  be  formed.  Add  dilute  H2SO4  and 
evaporate  till  excess  of  HNO,  has  been  driven 
off.  Dilute  with  water.  If  white  ppt.  present, 
it  is  PbS04.  Filter.  Wash  with  very  dilute 
H2SO4. 


Residue. 

PbS04. 

Dissolve   in 
ammoniacal 
ammonium 
tartrate  and 
test    with 


Filtrate. — The  remaining  bases 
as  sulphates.  Add  excess  of 
NH4OH.  Blue  colour  =  Cu.  Ppt. 
=  Bi.    Filter;  wash. 


Ppt. — Basic  bis- 

FUtrate. 

muth  sulphate. 

Add  KCN 

Confirm  by 

till      blue 

(a)  Flash. 

colour  dis- 

(b) Von  KobeU's 

appears. 

reaction. 

Pass   H^. 

(c)  Dissolving  in 

Yellow  ppt. 

1  c.c.  of  dilute  HQ 

=  CdS. 

and  pouring  into  a 

Confirm  by 

large  beaker  of  cold 

flash  test. 

water.        White 

cloud      of     BiOa 

forms. 

FUtrate. 

Thio-salts 
of  As,  Sb, 
Sn,  Au,  Pt. 

See  Table 
IL  (B). 


Note  on  Table  n.  (a). 

Copper  here  is  not  separated,  but  suppressed,  after  it  has  been  recognised. 
It  may  be  pptd.  as  follows  : 

To  the  filtrate  from  the  Bi(S04)  (OH)  add  dilute  H2SO4  till  acid.  Then 
add  freshly-prepared  Na^SjOjaq  till  colourless.  (Do  this  in  a  small  flask 
standing  on  a  white  tile.)    Boil  for  5  minutes.    CujS  is  pptd.    Filter. 
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Randue,  CujS. 
The  reactions  involved  are  : 

(1)  The  oxidation  of  the  thio-sulphate  to  tetrathionate  by 
CUSO4,  «wcdy  as  it  is  by  iodine,  the  CUSO4  being  reduced  to  a 
cuprous  salt,  and 

(2)  Immediately  dissolved  in  excess  of  Na^SjOg  to  form 

Na4[Cu,(S,03),]. 

(3)  This,  on  boiling,  is  decomposed  like  the  corresponding 
Ag  salt. 

Na4[Cu,(S203)3]  =  Na,S04  +  SO,  +  Cu^S  +  S  +  NajSaOj. 


Filtrate. 

Must  be 
freed  from 
SOg  by  boil- 
ing. Cool. 
Pass  HjS. 
Yellow  ppt. 

=  CdS. 
Confirm  by 
flash  test. 


Separation  of  Arsenic,  Antimony  and  Tin. 

The  arsenic  sulphide  is  separated  by  taking  advantage  of 

(a)  Its  solubility  in  ammonium  carbonate  or 

(h)  Its  insolubility  in  hot,  strong  HCl. 
The  separation  of  antimony  and  tin  is  efEected 

(a)  Electrochemically. 

{b)  By  the  action  of  milk  of  lime  on  the  sulphides. 

(c)  By  the  solubility  of  stannic  sulphide  in  oxalic  acid. 

TABLE  n.  (b).— Separation  of  As,  Sb  and  Sn. 

The  solution  of  the  thio-salts  is  carefully  acidified  with  dilute  HCl 
(draught-cupboard)  and  filtered. 

2(NH4)3AsS4  +  6HC1  =  3H2S  +  6NH4CI  +  AsjjSj  +  2S,  etc. 

AsgSg 
If  this  ppt.  is  black  or  dark  brown,  the  presence  of  gold  and  platinum  is 
indicate. 


FUtrate. 

Keject. 


Ppt. — Wash  with  HgS  aq,  and  transfer  to  a  test-tube  with 
about  25  CCS.  of  water  and  a  piece  of  solid  (NH4)2C03,  about  5  gms. 
Warm  to  35*^  C.  (in  water-bath),  and  gently  agitate  till  the  car- 
bonate has  dissolved. 

It  is  very  necessary  that  the  temperature  should  not  be  suf&ci- 
ently  high  to  decompose  the  ammonium  carbonate  into  free 
ammonia  and  COg,  as  the  former  will  act  on  the  antimony  sulphide. 
Filter  and  wash. 


FQtrate 

Acidify  with 
HCl  and  pass 
HjjS.      Ppt. 

=  A82S3. 

Confirm  by 
solution  in 
ammonia  and 
HgOg  or  by 
flash  test,  etc. 


Residue. — The  sulphides  of  antimony  and  tin 
are  transferred  to  a  basin  in  the  usual  way, 
allowed  to  settle,  and  the  water  poured  off. 
They  are  then  dissolved  in  a  little  hot,  strong 
HCl,  and  a  piece  of  pure  zinc  and  a  piece  of 
platinum-foil  added.  The  antimony  is  deposited 
on  the  Pt  as  a  black  velvety  stain,  and  the  tin 
as  a  spongy  mass  on  the  zinc  so  long  as  contact 
with  the  platinum  is  kept.  Dissolve  the  antimony 
in  warm  nitric  and  tartaric  acids,  and  cf.  by 
HjS.  Dissolve  the  tin  in  HCl  and  cf.  by  a 
drop  or  two  of  HgClj- 
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Alternative  methods  for  treating  the  antimony  and  tin  sulphides  are  as 
follows : 

Oxalic  acid  Method, 

The  sulphides  (as  having  been  separated)  are  dissolved  in  the  minimum 
of  hot,  strong  HQ,  boiled  well,  and  the  solution  made  just  alkaline  with 
anmionia.  Two  or  three  gms.  of  oxalic  acid  crystals  are  added,  the  solution 
again  boiled  and  treated  with  HjS.  SbjS,  is  pptd.  Filter,  cf.,Sb  in  usual 
way,  and  neutralise  the  filtrate  with  ammoniimi  hydrate,  render  acid  with 
acetic  (or  very  slightly  with  HCl)  and  pass  HjS  for  the  tin.  This  is  Clarke's 
method. 

N,B, — It  is  essential  for  this  method  that  the  tin  should  be  in  the  stannic 
state.  If  necessary,  it  should  be  oxidised  to  this  state  by  rendering  alkaline 
with  potash,  adding  tartaric  acid  and  H^Oj  and  boiling.  Then  acidify  with 
oxalic,  boil  to  destroy  H2O2,  and  pass  HjS. 

Milk  of  Lime  Method. 

The  mixed  sulphides  of  Sb  and  Sn  (after  the  separation  of  As)  are  washed 
into  a  test-tube,  allowed  to  settle,  the  water  poured  off,  and  milk  of  lime 
added  (about  10  c.cs.).  This  is  gently  warmed  to  80®  for  several  minutes 
and  filtered. 

The  antimony  dissolves  as  calcium  antimonite  and  thio-antimonite, 
the  SnS,  is  changed  to  Sn(0H)4.  Filter.  Acidify  filtrate  with  acetic  acid 
and  pass  H2S  for  the  antimony. 

Wash  the  residue  twice  with  water,  once  with  acetic  acid  to  remove  excess 
of  lime,  and  dissolve  the  Sn(0H)4  in  hot  dilute  HCl.  Add  NH4CI  and 
NH4OH.  White  ppt.  of  Sn(0H)4,  or  the  solution  of  stannic  chloride  may  be 
reduced  by  nascent  hydrogen  (Zn)  and  treated  with  a  drop  of  HgCl^. 

N,B, — For  this  method  also  the  tin  must  be  present  as  SnSj,  as  SnS  is 
unacted  upon  by  milk  of  lime. 

Notes  on  Group  n.  separation. 

1.  It  is  often  advised  to  treat  the  ppt.  with  KOH  instead  of  (NH4)2S2. 

M2S3  +  6K0H  =  MjOs  +  3K2S  +  SHjO  (partly) 
(hydrated) 

The  oxides  and  sulphides  then  dissolve  in  the  KOH  and  the  K^S  to  give 
mixtures  of  E3MO3  and  K2MS3.    On  acidifying  the  sulphides  are  repptd. 

The  objection  to  (NH4)2S2  is  that  it  dissolves  small  amounts  of  copper 
sulphide. 

2.  If  the  ppt.  formed  on  acidifying  the  solution  in  yellow  ammonium 
sulphide  is  black  (or  dark  coloured),  gold  and  platinimi  may  be  present. 

The  separation  of  these  from  As,  Sb  and  Sn  is  as  follows  : 
Dry  the  sulphides,  mix  with  six  times  their  weight  of  a  mixture  of  5  parts 
of  NH4CI  and  1  part  NH4NO3,  place  in  a  porcelain  boat  and  heat  in  a  current 
of  air  in  the  apparatus  shown  in  t^ig.  32.    (Alternatively,  simply  heat  the 
dried  sulphides  in  a  current  of  HCl  gas  in  the  same  apparatus.) 


Digitized  by 


Google 


COURSE  OF  ANALYSIS  175 

The  chloride^  of  As,  Sb  and  Sn  volatilise  and  are  caught  in  the  flask. 
The  gold  and  platinum  left  in  the  boat  are  dissolved  in  aqua  regia,  just  dried, 
moistened  with  strong  HCl  and  some  chlorine  water,  dried  again  on  a  water- 


--=Ci 


FlO.  32. 

bath,  and  taken  up  in  a  little  water.    We  now  have  solutions  of  H,PtCl^ 
and  HAUCI4.    The  latter  is  reduced  to  gold  by  warming  with 

(a)  Freshly  made  FeS04  aq,  or 

(b)  Oxalic  acid  solution,  or 

(c)  Treating  with  cold  HjOj  +  NaOH. 

The  platinimi  is  pptd.  from  the  concentrated  filtrate  as  (NH4)2PtCl9  by 
the  addition  of  NH4CI  and  alcohol. 


DETECTION  OF  SEVERAL  ACID  RADICALS. 

It  is  very  seldom  necessary  to  carry  out  a  systematic  separation,  according 
to  a  set  scheme,  of  acid  radicals,  even  when  present  in  the  same  group. 

The  following  mixtures,  however,  present  some  difficulty,  and  are  specially 
dealt  with. 

(i)  Chloride,  bromide,  iodide, — (See  p.  122.) 

(ii)  Nitrate  in  presence  of  acids  which  obscure  the  ring  test, — Use  some  other 
test  for  nitric  acid,  q.v, 

(iii)  Nitrate  and  nitrite, — The  nitrite,  having  been  detected  in  one  portion 
by  the  usual  reactions,  is  destroyed  in  a  fresh  portion  by  treatment  with 
hydrazine  hydrosulphate  (the  only  reagent  which  does  not  form  traces  of 
nitric  acid).    The  solution  is  then  tested  for  nitrate. 

(iv)  Perchlorate,  chlorate  and  chloride, 

(a)  Test  for  chloride. 

(6)  Test  for  chlorate  by  the  strong  HCl  test. 

(c)  Boil  some  of  the  solution  with  SO2  aq.  to  reduce  the  chlorate  to  chloride. 
Ppt.  the  chloride  with  Ag2S04,  and  neutralise  with  Na^COj  to  remove  HjSO^ 
and  excess  of  silver.  Filter,  evaporate,  ignite,  dissolve  in  water  and  again 
test  for  chloride. 

(v)  Sidphate,  sulphite,  sulphide,  thio-sulphate. — Fenton  recommends  the 
following  : 

Shake  the  neutral  solution  with  excess  of  CdCOj  and  filter  (p.  181). 
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Besidne. 

DiBsolve  excess 
of  CdCO,  with 
acetic  acid. 

Bright    yellow 
residue  of  CdS 
•sulphide. 


Filtrate.— Add  excess  of  BaClg  and  filter. 


Ppt— BaS04  and  BaSOj. 
Wash  and  treat  with  dilute 
Ha.    Filter. 


Remdne. 
BaS04. 


Filtrate. 

Add  bromine 
water.  White 
ppt.  of  BaS04. 

B  sulphite. 


FUtrate.  —  Treat    with 
Ha.    Yellow  ppt.  of  S 
and  smell  of  SO2 
cthio-sulphate. 


(vi)  Tartrate  and  citrate, — Separate  the  tartrate  by  adding  potassium 
acetate  and  acetic  acid  to  the  neutral  solution,  followed  by  alcohol.  Set  aside 
for  some  time,  filter,  test  ppt.  for  tartrate  and  filtrate  for  citrate  in  the  usual 
way. 

TBEATHERT  OF  ALLOTS. 

The  correct  solvent  for  an  alloy  is  usually  nitric  acid  (aqua  regia  for  the 
noble  metals  and  aluminium  bronze).  In  a  few  cases,  however,  hydrochloric 
acid  is  used ;  especially  with  aluminium  bXLojb  as  duralumin  or  magnalium  : 
the  action  of  ni^c  acid  on  aluminium  is  feeble.  Further,  a  few  metals  are 
rendered  ''passive"  by  treatment  with  nitric  acid,  notably  ferrochrome. 
It  is  frequently  di£Glcult  to  attack  this  even  with  aqua  regia  owing  to  its 
*•  passivity." 

Alloys  of  tin  and  antimony  (solder,  type-metal,  etc.)  form  metastaHnic 
and  antimonic  acids.  The  former  is  quite,  the  latter  almost,  insoluble  in 
dilute  nitric  acid.  Hence  if  a  white  insoluble  residue  is  obtained  when  the 
alloy  is  treated  with  nitric  acid,  the  liquid  is  diluted  and  filtered.  The  filtrate 
is  analysed  for  the  remaining  metals,  the  residue  is  washed  and  dissolved  in 
dilute  hydrochloric  acid,  and  examined  for  tin  and  antimony  by  one  of  the 
separations  given.  Antimony,  if  present,  will  abo  be  found  in  the  filtratCi 
owing  to  the  slight  solubility  of  antimonic  acid. 


CARBIDES,  NTTBIDES,  ETC. 

Carbides  treated  with  dilute  Ha  or  sometimes  even  with  water,  evolve 
hydrocarbon;  e.g.         CaCa  +  2H,0=Ca(OH)a  +  CjH2. 

intrides  treated  with  water  evolve  ammonia ;  e,g, 

MgsNjj  +  3HaO = 3Mg(0H)a  +  2NH8. 

Phosphides  treated  with  water  or  dilute  acids  evolve  PH3,  recognised  by 
its  smeU  and  spontaneous  inflammability  ;  e.g. 

CaaP,  +  SHfi = 3Ca/OH)2  +  2PH8. 
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Silioides  evolve  SiH4  similarly  (spontaneously  inflammable). 
MgjSi+4Ha=2MgCla  +  SiH4. 

Note, — ^The  ooneot  solvent  for  ferro-silioon  (oast  iron,  eto.)  is  aqua  regia,  if  the  loss 
of  silicon  is  to  be  avoided. 

Arsenides  may  evolve  arsin%. 

ZnjAs,  +  6Ha  «  3ZnCl,  +  2ASH3. 

(Nitric  acid  would,  however,  naturally  be  used  for  these.) 

Borides. — Some  metallic  ones  may  give  hydrogen  boride.    Many  borides 
require  an  oxidising  fusion  to  attack  them  at  all. 


D.    MODIFICATIONS  NECESSITATED  BT  THE  PRESENCE  OF 
CERTAIN  ACIDS. 

1.  The  case  when  phosphoric  acid  is  present  has  been  discussed.  (See 
Table  B.) 

2.  If  oxalic  acid  is  present,  it  is  easily  missed  in  the  strong  sulphuric  acid 
test,  as  frequently  other  gases  may  be  evolved  which  will  prevent  the  carbon 
monoxide  burning. 

An  oxalate  may  be  confirmed  by  boiling  the  substance  with  sodium  car- 
bonate solution,  acidifying  the  filtrate  with  acetic  acid,  boiling  and  adding 
boiling  calcium  chloride.  A  white  ppt.=CaC204.  This  is  decomposed  by 
hot  dilute  sulphuric  acid  (after  filtering  and  washing)  and  potassium  perman- 
ganate added  dropwise.  The  reagent  is  decolorised  in  the  usual  characteristic 
way. 

Oxalic  acid  is  removed  before  making  the  solution  for  analysis  by  gently 
igniting  the  substance.  All  oxalates  give  off  carbon  monoxide  and  leave 
carbonates  or  oxides. 

Remember  that  ignition  may  form  insoluble  aluminium  and  chromium 
oxides  if  salts  of  these  metals  are  present. 

If  the  oxalic  acid  is  not  removed  it  unll  be  pptd.  in  Oroup  III,  if  any  metals 
except  the  alkalis  are  present, 

3.  A  further  di£&culty  arises  when  non-volatile  organic  matter  is  present 
(including  many  common  acids,  as  tartaric  and  citric).  The  pptn.  of  some 
metals  in  Qroups  II.  and  III.  is  thereby  hindered  or  entirely  prevented  {e.g. 
copper,  iron,  chromium,  aluminium). 

These  are  also  destroyed  by  ignition  before  making  the  solution.  The 
carbonaceous  residue  should  be  burnt  off.  This  leaves  a  residue  of  metallic 
oxides  (metals  in  some  cases).  There  should  be  no  difficulty  in  distinguishing 
metals ;  in  any  case  dissolve  in  a  little  hot  strong  hydrochloric  acid,  filter 
if  necessary,  and  analyse  the  filtrate  as  usual.  Any  insoluble  residue  will  be 
AI2O3,  Crfi^  SiOg,  or  metals  insoluble  in  HCl,  as  lead  and  silver.  Al^Oj 
and  Cr^Oj  are  fused  with  EHSO4  as  already  described  imder  insoluble  sub- 
stances ;  Si02  is  examined  by  itself ;  lead,  silver,  etc.,  are  dissolved  in  nitric 
acid. 

Note  that  volatile  metab  will  be  lost  by  this  process.    These  will  have 
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been  discovered,  if  present,  in  the  preliminary  tests,  and  should  be  confirmed 
separately. 

The  possibility  of  insoluble  bodies  being  present  before  the  ignition  should 
be  borne  in  mind.  These  may  be  separate  by  dissolving  the  rest  in  the 
necessary  solvent.  The  filtrate,  containing  the  organiq  acids,  etc.,  is  evapor- 
ated dry,  the  residue  ignited  and  ^eated  as  above  described. 

4.  Hydrofluoric  acid  is  present. — ^As  calcium  fluoride  is  soluble  in  hot  dilute 
hydrochloric  acid,  it  will  be  pptd.  in  Group  III.  and  will  ultimately  be  found 
(in  part)  with  the  NiS  and  CoS.  Any  residue  left  when  these  are  dissolved  in 
aqua  regia  may  be  tested  for  fluoride  in  the  usual  way,  and  the  sulphate  left 
may  be  tested  for  calcium. 

Some  will  abo  have  dissolved  along  with  the  iron,  manganese,  etc.  After 
boiling  off  HjS,  add  dilute  sulphuric  acid.  A  ppt.  =BaS04  or  SrS04.  Filter. 
To  filtrate  (or  to  whole  if  no  ppt.)  add  an  equal  bulk  of  alcohol.  A  ppt.  = 
CaS04.    Filter  and  treat  in  the  usual  manner. 

N,B. — It  is  necessary  to  carry  out  the  above  only  when  hydrofluoric  acid 
is  known  to  be  present.    It  should  have  been  found  in  the  preliminary  tests. 

5.  Thio-acids  are  present, — In  this  case  HCl  will  ppt.  As^^,  SbgSg  or  SnSj 
in  Group  I.  These  ppts.  will  readily  be  recognised  and  may  be  treated  as  in 
Table  II.  (b). 

6.  Adds  of  Group  VII,  are  present, — The  necessary  treatment  for  silicic 
and  tungstic  acid  has  been  described  under  these  acids,  q.v, 

E.    THE  SEPARATION  OF  THE  BARER  ELEMENTS. 

Most  of  these  have  already  been  discussed  under  their  own  headings  or 
in  the  base  separation  table.  The  rare  earth  separation  is  given  here.  It 
should  be  borne  in  mind  that  this  separation  is  incomplete. 
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BOOK   III. 
QUANTITATIVE    ANALYSIS   (INORGANIC). 

PART  L 
GRAVIMETRIC    METHODS. 

CHAPTER  I. 

INTBODncnON  AND  HANIPULATION. 

Qbavimbtric  analysis  consists  in  obtaining  the  substance  to  be  estimated 
in  a  form  of  exactly  known  composition,  which  is  weighed  and  the  amount 
of  substance  present  calculated.  Thus  hydrochloric  acid  or  chlorides  can  be 
converted  to  silver  chloride,  which  contains  35*46  parts  of  chlorine  in  143'34 
parts  of  silver  chloride. 

If  a  weight  w  grams  of  the  chloride  be  taken,  and  ^  grams  of  silver  chloride 

35'46i) 
are  finally  obtained,  the  weight  of  chlorine  in  this  is  obviously  . .    »\  gms. 

The  percentage  of  chlorine  in  the  original  substance  is  therefore  1\ • 

Further,  it  is  a  simple  matter  to  calctdate  the  amount  of  original  chloride 
present  (instead  of  chlorine),  as  will  be  obvious  to  the  student. 

The  whole  art  of  gravimetric  methods  lies  in  obtaining  the  whole  of  the 
required  substance  in  a  suitable  form  of  known  composition  and  of  a  high 
degree  of  purity.  These  forms  are  usually  ppts.,  but  in  a  few  cases  soluble 
solids  are  obtained.  Precipitates  are  most  easily  handled,  and  the  reaction 
is  always  carried  out  in  dilute  solution  (of  the  order  of  1-2  %),  to  prevent  the 
adsorption  of  soluble  bodies  by  the  ppt.  Moreover,  an  excess  of  the  reagent  is 
usually  employed  for  reasons  already  discussed.  (See  Solubility  product, 
p.  76.) 

Some  ppts.  are  dried  at  100°-120°  and  weighed  on  a  tared  filter.  Others 
are  strongly  heated,  the  filter  being  completely  burnt  and  the  weight  of  its 
ash  deducted  from  the  final  weighing. 

Other  methods  avoid  the  use  of  filter  paper  altogether. 

185 
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The  necessity  for  absolute  cleanliness  and  care  in  weighing  and  manipulation 
is  urged  upon  the  student.  The  following  points  are  so  obvious  that  they 
should  not  need  more  than  the  mere  mention. 

1.  DistiUed  water  is  always  understood  when  tf?ater  is  mentioned. 

2.  A  good  balance  and  an  accurate  set  of  weights  are  necessary.  Never 
touch  weights  with  the  fingers. 

It  is  not  absolutely  essential  that  the  weights  should  be  accurately  to  stan- 
dard so  long  as  they  are  relatively  accurate,  t.e.  the  10  gm.  weight  must  be 
exactly  double  the  5  gm.  weight,  and  so  on.  Methods  for  testing  this  are 
fully  described  in  various  papers.  (Bee  Richards,  Jour.  Am,  Ghem,  Sac,,  1900, 
sdi.  p.  144,  also  the  section  on  Physical  Chemistry  of  this  book.) 

3.  A  good  quality  of  filter  must  be  used.  Suitable  filters  are  sold  for  the 
purpose,  and  the  weight  of  the  ash  should  not  exceed  1  milligram. 

4.  It  is  never  necessaty  for  any  of  the  experiments  herein  described  to  weigh 
more  accurately  than  to  the  nearest  0'  1  milligram.  In  all  calculations  accurate 
(not  approximate)  f^tomic  weights  must  be  used. 

5.  When  a  separation  is  being  performed,  it  is  necessary,  on  filtering  and 
washing  the  ppts.,  to  add  all  the  washings  to  the  filtrate,  no  matter  how 
bulky  the  latter  may  become.    It  can  be  evaporated. 

6.  The  student  is  supposed  to  understand  how  to  weigh  accurately. 

7.  Hard  glass  beakers,  etc.,  should  be  used.  Silica  glass  is  desirable  in  all 
cases  where  the  reagents,  etc.,  do  not  attack  it. 

MANIPULATION. 

1.  Weighing. — The  substance  to  be  analysed  is  weighed  out  from  a  weighing 
bottle.  The  best  form  is  that  shown  in  Kg.  33.  The  stopper  is  ground  to  fit 
outside  the  bottle,  so  that  fragments  of  sub- 
stance do  not  adhere  to  the  rough'  surface  of 
the  ground  glass.  The  whole  is  made  of  thin 
'  test-tube  "  fi\aaa.    The  bottle  containing  the 
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Fig.  88. 


FIO.  84. 


substance  is  weighed,  the  required  amount  tipped  out  into   the  vessel  in 
which  the  work  is  to  be  done,  and  the  bottle  again  weighed.     The  greatest 
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care  must  he  taken  thai  the  whole  of  the  substance  removed  from  the  bottle  is 
emplo^  in  the  analysis. 

2.  Fittrattoii* — The  size  of  filter  used  should  be  adjusted  to  the  size 
of  the  ppt.,  not  to  the  volume  of  filtrate.  The  ppt.  should  occupy  a  portion 
of  the  filter  shown  approximately  in  Fig.  34,  and  should  not  reach  to  the  top. 
At  least  5  mm.  should  be  quite  dear.    The  filter  should  not  reach  to  the  top 

of  the  funnel.     It  should  be  very  carefully  fitted 

to  the  funnel,  and  wetted  with  hot  water  before 

use. 

Artificial  aids  to  filtration  (filter  pump,  etc.) 

are  not  recommended,  but  a  gentle  suction  may 


be  used,  provided  that  the  ppt.  is  not  of  a  gela- 
tinous nature.  It  is  necessary  to  support  the  filter 
on  a  platinum  cone,  which  may  be  made  by  cutting 
a  circle  of  platinum  foil  of  about  4  cms.  diameter, 
as  shown  in  Fig.  35,  and  folding  it  into  a  cone. 
This  is  fitted  into  the  funnel  and  the  paper  fitted 
above  it.  Gentle  suction  may  be  obtained  by 
attaching  to  the  funnel  a  tube  50  cms.  long,  bent 
y,^;  86.  as  shown  in  Fig.  35. 

The  ppt.  is  washed  by  means  of  the  wash- 
bottle,  shown  in  Fig.  36  a.  The  delivery  tube  should  be  of  such  a  length 
that  when  the  neck  of  the  flask  is  grasped  with  the  thumb,  third  and  fourth 
fingers  and  the  palm,  the  jet  can  easily  be  grasped  between  the  first  and 
second  fingers  and  guided  as  desired.  It  is  an  advantage  to  wrap  the 
neck  of  the  flask  with  thick  string,  so  that  boiling  water  may  easily  be 
employed. 

The  minimum  of  wash-water  necessary  for  complete  removal  of  mother- 
liquor  is  used  by  allowing  the  filter  to  drain  completely  before  adding  more. 
A  simple  calculation  will  show  that  this  is  more  effective  than  adding  fresh 
wash-water  before  the  previous  lot  has  run  through  the  filter.  It  is  usual 
also  to  wash  the  ppt.  by  decantation  once  or  twice  before  finally  transferring 
to  the  filter.  Needless  to  say,  all  liquids  and  washings  are  decanted  through 
the  filter.  Four  washings  on  the  filter  may  be  regarded  as  the  minimum. 
After  this,  a  few  c.cs.  of  the  washings  may  be  caught  in  a  test-tube  from  time 
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to  time  and  tested  for  the  substance  in  solution.  When  this  can  no  longer  be 
detected  by  a  sensitive  reaction,  the  washing  may  be  considered  complete. 

The  slightest  possible  smear  of  vaseline  under  the  lip  of  the  beaker  (outside) 
will  prevent  drops  of  liquid  from  running  down  the  outside. 

Always  pour  the  liquid  into  the  filter  doton  the  stirring  rod,  which  should 
be  held  so  that  the  liquid  enters  the  filter  without  splashing.  Both  funnel 
and  beaker,  and  if  necessary  the  vessel  in  which  the  filtrate  is  being  received, 
should  be  covered  with  a  clock-glass  to  exclude  dust. 

Allow  the  funnel  stem  to  touch  the  side  of  the  vessel  holding  the  filtrate, 
in  order  to  avoid  drops  splashing  up  and  put  of  the  vessel. 


FIO.  36. 

Minute  portions  of  a  ppt.  will  almost  always  cling  to  the  sides  of  the  vessel 
so  that  the  force  of  the  jet  from  the  wash-bottle  will  not  remove  it.  A  rubber 
'*  policeman  "  is  fixed  to  the  stirring  rod  for  the  removal  of  this  ppt. 

The  last  portions  are  washed  into  the  filter  as  shown  in  Fig.  36  b. 

Drying  and  burning  the  filter  and  ppt. — ^If  the  ppt.  will  stand  a  high  tem- 
perature without  decomposition,  the  filter  is  treated  as  follows.  When  washing 
is  complete,  a  filter  on  which  the  particulars  of  the  ppt.  are  written  in  pencil 
is  wetted  with  water,  placed  over  the  top  of  the  funnel,  folded  down  and  the 
whole  placed  in  a  water  or  steam  oven  till  dry. 

Meanwhile  a  clean  porcelain,  platinum  or  quartz  crucible  (according  to 
the  nature  of  the  ppt.)  and  lid  are  heated  to  the  temperature  to  which  the 
ppt.  is  finally  to  be  heated,  allowed  to  cool  somewhat,  and  placed,  by  means 
of  the  crucible  tongs,  in  a  desiccator,  to  cool  completely.  It  is  then  transferred 
to  the  balance  case,  allowed  to  remain  there  10  minutes,  and  weighed. 
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A  piece  of  ^^azed  paper  (black  for  white  ppts.,  yellow  for  black  ones)  is 
placed  on  the  bench,  and  the  crucible  is  placed  on  the  paper.  The  filter  is 
taken  from  the  funnel,  and  as  much  of  the  ppt.  as  possible  transferred  to  the 
crucible.    The  ppt.  is  loosened  from  the  filter  by  rubbing  together  the  inside 
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Fio.  37. 


surfaces  of  the  cone  by  means  of  the  thumbs  and  first  fingers  of  both  hands. 

The  crucible  is  then  covered  with  a  funnel  to  exclude  dust.    The  filter  is  folded 

as  shown  in  Fig.  37  (ppt.  inside)  and  finally  rolled  into  a  neat  tight  roU,  care 

being  taken  not  to  crack  it.    A  platinum  wire  is 

wrapped  round  the  roll,  it  is  held  over  the  crucible  and 

touched  with  the  bunsen  flame.    Allow  the  filter  to 

bum  as  completely  as  possible  without  further  heating, 

and  bum  the  carbonaceous  residue  completely  to  a 

white  ash  by  touching  it  occasionally  with  the  flame. 

A  gentle  shake  causes  the  ash  to  fall  into  the  crucible, 

any  fragments  adhering  to  the  wire  are  removed  by  a 

feather  or  small  camel-hair  brush,  and  any  fragments 

that  have  fallen  on  to  the  paper  (to  be  avoided)  are 

swept  into  the  crucible  by  the  same  means.     The 

cmcible  and  contents  are  then  ignited  at  the  necessary 

temperature  till  the  weight  is  constant.    Cooling  always 

takes  place  in  a  desiccator. 

Ppts.  which  will  not  stand  a  high  temperature  may 
be  dned  up  to  110°  on  a  tared  filter.  The  filter  is 
tared  as  follows.  It  is  carefuUy  folded,  placed  in  a 
weighing  bottle,  and  heated  to  the  temperature  neces- 
sary in  the  final  treatment.  Cool  in  desiccator  and 
weigh.  Then  fit  into  the  funnel.  The  filter  and  ppt. 
are  dried  in  the  funnel  at  100®,  transferred  to  the 
weighing  bottle  and  dried  at  the  required  temperature 
to  constant  weight. 

The  Gooch  crucible  avoids  the  use  of  filter-paper.  It  is  not  desirable  to 
use  it  when  ppts.  have  to  be  ignited.  The  cmcible  is  shown  in  Fig.  38.  Soft 
asbestos  fibres,  purchased  for  the  purpose,  are  boiled  with  strong  hydrochloric 
acid,  drained  and  washed  thoroughly  in  a  funnel  on  a  filter  plate,  and  dried. 


FIO.  38. 
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A  portion  is  sliaken  with  water  in  a  flask  so  that  a  thin  cream  is  formed. 
The  Qooch  crucible  is  fitted  into  its  adapter,  and  attached  to  the  filter  flask 
and  pump.    OenUe  suction  ordy  is  to  be  used. 

Pour  some  of  the  asbestos  cream  into  the  crucible ;  drain  off  the  water. 
Place  the  small  filter  plate  on  the  layer  of  asbestos  so  formed,  and  deposit 
another  layer  on  the  plate.  Neither  layer  should  exceed  2  mm.  in  thiclmess. 
Wash  thoroughly  with  water  and  dry  at  the  temperature  required  finally  and 
weigh.  The  filtration  and  washing  are  performed  in  a  similar  manner,  gewde 
suction  only  being  used.  After  washing,  dry  at  the  necessary  temperatures 
to  constant  weight. 

Ppts.  which  are  not  reduced  by  the  combustion  of  the  filter  may  be  ignited 
wet,  by  simply  transferring  the  wet  filter  and  ppt.  to  a  pkUinum  crucible, 
putting  the  lid  on,  and  drying  by  heating  the  crucible  some  distance  above  the 
flame.    The  crucible  is  then  lowered  gradually  into  the  flame,  and  the  tem- 


Fia.  89. 

perature  increased  till  all  volatile  matter  has  come  off.  Finally  the  lid  is 
arranged  so  as  to  deflect  the  flame  into  the  inclined  crucible,  and  the  ignition 
completed,  the  flame  being  moved  slowly  so  that  every  part  of  the  crucible 
is  heated  and  the  filter  completely  burnt.    The  filter  ash  must  be  pure  white. 

As  regards  the  quantity  of  substance  to  be  taken  for  analysis,  it  should  be 
regulated  by  the  weight  of  the  ppt.  As  a  rough  guide,  half  a  gram  of  final 
diy  ppt.  is  a  maTimum  convenient  amount,  but  in  the  case  of  bulky  ppts. 
less  should  be  obtained. 

It  is  rarely  that  the  pptn.  will  take  place  from  a  solution  of  more  than  2  % 
strength.  Regulate  the  size  of  the  beaker  accordin^y.  It  should  never  be 
much  more  than  half  full. 

Heating  and  evaporatiiig. — Beakers  should  not  be  heated  over  the  naked 
flame.  Even  when  a  gauze  is  used  it  is  courting  disaster  to  heat  small  quan- 
tities of  liquids  in  large  beakers.  For  such  purposes  an  iron  plate  (|  inch) 
about  a  foot  square,  supported  on  a  four-legged  iron  stand  and  heated  in  the 
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centre  with  a  burner,  is  useful.  The  plate  should  be  covered  with  asbestos 
paper,  or  beakers  are  easily  cracked  when  placed  on  it. 

A  beaker  containing  not  too  small  a  quantity  of  liquid  may  be  heated  on  a 
gauze  and  a  small  flame.  Violent  ebullition  is  to  be  avoided.  During  all 
boiling  or  effervescence  the  vessel  should  be  covered  with  a  clock-glass,  which 
is  afterwards  rinsed  into  the  vessel  by  a  jet  from  the  wash-bottle. 

Evaporatioiis  should  be  carried  out  on  the  water-bath,  as  ebullition  is 
obviously  to  be  avoided.  A  funnel  such  as  that  shown  in  Fig.  39,  is  inverted 
over  the  vessel  to  prevent  dust  getting  into  the  liquid. 

Occasionally  evaporations  have  to  be  carried  out  in  crucibles.  These  are 
rather  troublesome  as  it  is  di£&cult  to  avoid  bumping  and  **  creeping."  The 
former  may  be  avoided  where  possible  by  using  a  water-bath  fitted  with  a 
cone  to  take  a  crucible.  The  latter  is  overcome  by  a  steam  coil  of  brass  tubing 
into  which  the  crucible  fits,  the  upper  portion  thus  being  kept  at  a  temperature 
which  will  at  once  evaporate  any  Uquid  which  may  creep  up  the  sides. 
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CHAPTER  II. 

SOME  TYPICAL  E8TIHATI0NS. 

The  student  is  advised  to  carry  out  the  following  typical  examples  before 
attempting  a  systematic  course.  In  all  cases  where  an  estimation  is  being 
performed  for  the  first  time,  it  should  be  carried  out  on  a  pure  substance  of 
exactly  known  composition  so  that  the  result  can  be  checked. 

Similarly,  when  studying  separations  they  should  first  be  performed  on 
mixtures  of  known  composition,  and  the  results,  carefully  checked.  Errors  of 
more  than  0-1  %  should  be  usually  regarded  as  due  to  faulty  manipulation. 

It  is  perfectly  easy  to  obtain  results  well  within  this  limit  of  error. 

N.B, — It  fcM  be  noticed  that  many  of  the  separations  described  in  this  book 
are  quite  different  from  those  used  in  qualitative  analysis.     The  reasons  are  two  : 

(i)  Separations  which  are  sufficiently  quantitative  in  qiuMtative  work  are 
not  always  accurate  enough  for  exact  worhy  though  all  the  separations  del^cribed 
in  Booh  II.  are  fairly  so. 

(ii)  The  ppts.  obtained  by  using  the  tables  of  Book  II.  are  not  always  of 
sufficiently  definite  composition /or  use  in  quantitative  work. 

Determination  of  Iron  (Form :  FejOs).  Use  ferrous  ammonium  sulphate.^* 
Weigh  out  about  1-5  gms.  of  the  salt  into  a  400  c.cs.  beaker.  Dissolve  in  100 
c.cs.  of  water  with  the  addition  of  10  c.cs.  of  4N  sulphuric  acid.  Cover  with 
a  clock-glass  and  raise  nearly  to  a  boil.  Oxidise  to  the  ferric  state  by  the 
addition  of  nitric  acid,  one  or  two  drops  at  a  time,  till  the  dark  colour  dis- 
appears and  the  solution  is  a  clear  deep  yellow.  Care  should  be  taken  that 
loss  is  not  caused  by  the  effervescence  that  takes  place  when  ^e  nitric  acid 
is  added.  It  should  be  poured  down  the  stirring  rod,  the  clock-glass  cover 
being  displaced  as  little  as  possible. 

Now  rinse  the  cover  into  the  beaker  with  a  jet  of  hot  water  from  the 
wash-bottle.  Add  25  c.cs.  of  4N  ammonium  chloride,  and  then  a  slight  excess 
of  ammonia.  Boil  for  a  minute  and  allow  ppt.  to  settle.  Decant  the  liquid 
through  a  filter,  wash  ppt.  once  by  decantation  with  hot  water  (decanting 
through  the  filter),  and  finally  transfer  to  the  filter  by  the  help  of  wash-bottle 
and  "  policeman,"  as  already  explained  on  p.  188.  Wash  with  boiling  water 
till  a  few  c.cs.  of  the  washings  no  longer  react  with  barium  chloride.  Dry  at 
100°.  Transfer  ppt.  to  a  weighed  porcelain  crucible  that  has  been  heated 
strongly  in  the  bunsen  flame  before  weighing.  Burn  the  filter,  add  the  ash  to 
the  crucible,  and  ignite  with  bunsen  flame  to  constant  weight.  The  result  is 
Fe,03. 
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N,B, — Do  not  heat  AgHh  bUno-pipe,  as  there  is  danger  of  converting  some  of 
the  product  into  Fe^O^, 

Calculate  the  percentage  of  iron  in  the  salt  employed. 

Fe:Fea03^56-84: 159-68. 

Percentage  of  iron  in  ferrous  ammonium  sulphate  =  14:*2i. 

Deteimination  of  aluminium  (Form  :  AI2O3).  Use  pure  potash  or  antmonia 
alum, — Use  2-2*5  gms.  of  the  salt.  Remember  that  A1(0H)3  exists  in  a  hydro- 
sol  form.  To  prevent  this  carry  out  the  pptn.  in  the  presence  of  ammonium 
nitrate  (better  than  chloride),  and  wash  with  dilute  ammonium  nitrate  solution 
containing  a  little  ammonia.  Otherwise  the  procedure  is  similar  to  that  in 
the  case  of  iron.  The  ppt.  should  be  ignited  wet  as  described  on  p.  190,  in 
a  platinum  crucible  that  has  been  heated  with  the  blowpipe  before  weighing. 
The  final  ignition  is  carried  out  with  the  blowpipe  to  constant  weight.  The 
ignition  may  if  desired  be  performed  exactly  a&  with  the  iron  ppt.  The  product 
is  in  any  case  weighed  as  AI2O3. 

Determination  of  chromimn  (Form  :  Cr203).  Use  chrome  alum. — Employ 
about  1*75  gms.  Remember  that  Cr(0H)3  is  appreciably  soluble  in  excess  of 
ammonia.  Employ  the  least  possible  excess,  and  boil  for  several  minutes 
until  the  steam  only  just  smells  of  ammonia. 

Ignite  ppt.  wet,  finishing  over  the  blowpipe  to  constant  weight,  and  weigh 
as  CrjOj. 

Chromates  and  diohromatoB  must  first  be  reduced  to  chromic  salts.  This 
is  done  by  adding  dilute  sulphuric  acid  and  passing  in  sulphur  dioxide,  or  by 
boiling  with  hydrochloric  acid  and  alcohol. 

The  following  methods  avoid  reduction. 

Determination  of  chromic  acid  (Forms :  (^2^3  •  BaGr04).  Use  pure  potassium 
dichromaie. 

(1)  The  acid  is  pptd.  as  mercurous  cbromate,  and  ignited  to  Cra03. 
Dissolve  about  •5-*75  gm.  of  the  salt  in  100  c.cs.  of  water.     Treat  with  a 

slight  excess  of  pure  mercurous  nitrate  solution.  Raise  to  a  boil  (see  p.  85). 
Allow  ppt.  to  settle,  cool,  filter,  wash  with  water  containing  a  little  mercurous 
nitrate,  dry  at  100°.  Separate  the  ppt.  as  completely  as  possible  from  the 
filter  before  burning  the  latter.  Ignite  gently  at  first,  finally  with  blowpipe. 
Owing  to  mercury  vapours  coming  off,  the  first  ignition  should  be  carried  out 
in  the  draught-cupboard.     The  final  residue  is  pure  Cr203. 

Cr2O3:2CrO3  =  152:200. 

Calculate  the  percentage  of  CrOj  in  the  salt. 

N.B. — This  method  should  not  be  used  in  the  presence  of  anjrthing  else 
that  gives  a  ppt.  with  mercurous  salts. 

(2)  The  acid  is  pptd.  as  BaCr04  by  adding  barium  chloride  to  the  solution 
acid  with  acetic  acid. 

The  solution  of  the  dichromate  is  rendered  alkaline  with  ammonia  and  then 
just  acidified  with  acetic  acid.  It  is  boiled  and  treated  with  boiling  barium 
chloride  added  dropwise,  till  just  in  excess.  Allow  to  cool  and  filter  through 
a  Gooch  crucible,  with  very  gende  suction.  Wash  with  10  %  alcohol,  dry  at 
JOO*^,  and  finally  heat  gently  to  bare  redness  by  placing  the  Gooch  crucible  in 
13  . 
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a  larger  crucible  by  means  of  an  asbestos  ring  (see  ^g.  43)  and  heating  the 
outer  crucible  to  full  redness. 

N,B. — This  method  cannot  be  used  in  the  presence  of  a  sulphate. 

Detennination  of  oopper  (Forms  :  CaO»  CosS,  Ca2(CNS)2).  Use  pure  copper 
stdphate. 

(1)  As  CuO. — Weigh  about  1*5  gms.  of  the  salt  into  a  400  c.c.  beaker. 
Dissolve  in  120  c.cs.  of  water  to  which  a  few  drops  of  dilute  sulphuric  acid  have 
been  added.  Raise  almost  to  a  boil,  and  add  dropwise,  with  constant  stirring, 
2N  caustic  soda  solution  (also  hot),  till  no  further  ppt.  forms.  Avoid  excess  of 
alkali,  which  is  obstinately  retained  by  the  ppt.  Boil  till  the  ppt.  is  quite 
black.  Allow  to  settle,  decant  through  the  filter,  wash  by  decantation  with 
boiling  water  and  transfer  to  filter.  Wash  with  boiling  water  till  free  from 
sulphate.  Dry  at  100°.  Transfer  as  much  of  the  ppt.  as  possible  to  a  dock- 
glass  placed  on  the  glazed  paper,  and  cover  with  a  funnel.  Bum  the  filter 
and  transfer  to  the  crucible.  The  oxide  left  on  the  filter  has  now  been  reduced 
to  copper.  It  is  moistened  with  a  drop  of  strong  nitric  acid,  carefully  dried 
and  heated.  The  main  ppt.  is  now  added  and  the  whole  ignited  to  constant 
weight. 

(2)  As  CajS. — The  copper  is  pptd.  as  CuS,  which  is  ignited  to  Cu^  in  a 
reducing  atmosphere. 

Weigh  out  as  before.  Dissolve  in  a  conical  flask  of  400  c.cs.  capacity  in 
100  c.cs.  of  water  and  5  c.cs.  pure  sulphuric  acid.  The  flask  is  fitted  with  a 
cork  carrying  two  tubes,  a  delivery  tube  reaching  to  the  bottom  and  an  exit 
tube  just  passing  through  the  cork.  The  solution  is  heated  to  boiling,  the 
delivery  tube  attached  to  the  HgS  Kipp,  and  the  air  swept  out  by  a  rapid  stream 
of  HgS  which  has  been  washed  with  water.  The  exit  tube  is  now  closed  with 
a  piece  of  rubber  tubing  and  a  pinch-cock,  and  the  flask  is  allowed  to  cool. 
Every  five  minutes  it  is  gently  shaken  and  the  clip  opened  for  a  few  mon^ents 
to  allow  more  HgS  to  pass  through.  When  it  is  quite  cold  pptn.  will  be 
complete. 

It  is  filtered  through  a  filter  which  is  kept  full  of  the  liquid  during  the 
operation,  or  some  of  the  moist  sulphide  will  be  oxidised  to  sulphate,  thio- 
sulphate,  etc.,  and  will  run  through  the  filter.  Remove  any  ppt.  adhering 
to  the  delivery  tube.  The  ppt.  is  finally  washed  with  HgS  water  till  free  from 
sulphuric  acid  (methyl  orange)  and  dried  at  100°.  It  is  transferred  to  a 
weighed  Rose  crucible,  the  filter  burnt  completely  and  added  to  the  crucible, 
a  little  pure  sulphur  added,  and  the  crucible  arranged  as  shown  in  Fig.  40. 
A  stream  of  hydrogen  from  a  Kipp  is  passed  through,  and  the  crucible  is 
gently  ignited,  finally  as  strongly  as  possible  with  a  bunsen.  Allow  to  cool 
with  the  hydrogen  still  passing  through,  and  do  not  remove  to  desiccator  till 
nearly  cold.    Weigh  as  CugS.    Repeat  the  operation  to  constant  weight. 

(3)  As  Ca4(CNS)2  (Rivot,  C.R.,  38,  p.  868).— The  solution  of  copper  sulphate 
as  before  is  slightly  acidified  with  hydrochloric  acid.  Oxidising  agents  must 
be  absent.  It  is  then  treated  with  excess  of  freshly-prepared  sulphurous 
acid  and  ammonium  thio-cyanate  added  dropwise  with  constant  stirring. 
The  black  cupric  thio-cyanate  first  produced  quickly  turns  white  (cuprous). 
Allow  to  settle  completely.  Filter  through  a  tared  filter.  Wash  with  cold 
water  till  free  from  excess  of  thio-cyanate  (ferric  chloride  test).     Dry  at  110** 
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in  an  air  oven  fitted  with  a  thenno-regnlator  (Fig.  41)  and  weigh  as  described 
on  p.  189.    Repeat  to  constant  weight. 

Detennmatioii  of  snlphiirio  add  (Form :  BaS04).  Use  pure  ammonium 
sulphate, — This  determination  is  one  of  the  commonest  estimations  in  chemistry 
and  is  one  of  the  most  difficult  to  carry  out  satisfactorily.  The  difficulties 
arise  from  the  fact  that  BaSO^  has  very  high  adsorptive  powers,  and  carries 
down  with  it,  and  obstinately  retains,  many  other  salts,  especially  the  sul- 
phates of  iron,  chromium,  aluminium  and  potassium,  and  barium  chloride 
and  nitrate. 


7X0.  40. 


FIO.  41. 


The  solution  therefore  must  be  free  from  nitric  acid  and  the  trivalent 
metals,  and  potassium  if  possible.  (For  details  as  regards  the  treatment  of 
these,  see  later  under  Sulphuric  acid.  At  present  we  are  concerned  with  the 
process  itself.)  • 

About  1*5  gms.  of  pure  ammonium  sulphate  are  weighed  into  a  beaker, 
dissolved  in  100  c.cs.  of  water  and  20  c.cs.  of  4N  HCl  added.  Raise  to  boiling, 
and  add  dropwise  (pouring  it  down  the  stirring  rod)  boiling  barium  chloride. 
In  this  way  we  avoid  undue  excess  of  barium  chloride  until  the  sulphate  is 
pptd.  and  the  ppt.  is  granular  and  filters  well  instead  of  being  very  fine  and 
difficult  to  handle.  When  further  addition  of  the  reagent  gives  no  ppt., 
allow  to  settle,  decant  through  the  filter,  wash  with  boiling  water,  transfer  to 
filter  and  wash  with  boiling  water  till  free  from  barium  (dilute  sulphuric  acid 
test).  Dry  at  100^,  transfer  ppt.  as  completely  as  possible  to  the  crucible, 
burn  filter  and  add  to  crucible,  and  ignite  gendy  to  constant  weight.    The 
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ppt.  adhering  to  the  filter  will  be  partly  reduced  to  sulphide,  which  will  be 
reoxidised  on  ignition.  Or  it  may  be  treated  with  two  irops  of  a  mixture  of 
sulphuric  acid  and  alcohol  (1:2)  which  converts  the  sulphide  to  Ba(C2H5S04)2, 
which  when  dried  carefully  and  ignited  turns  to  sulphate.  In  case  very  accurate 
work  is  desired,  Fresenius  recommends  digesting  the  dried  and  ignited  ppt. 
with  hot  hydrochloric  acid,  evaporating  and  extracting  with  water.  This 
may  be  done  in  the  crucible,  the  ppt.  after  addition  of  water  being  again 
filtered,  washed,  dried  and  ignited  as  before.     (Two  filter  ashes.) 

Calculate  percentage  of  SO,  or  SO4  as  desired. 

Determination  of  hydrochlorio  acid  (Form :  AgCl).  Use  pure  sodium 
chloride. — ^Weigh  out  about  0*5  gms.  of  the  salt,  dissolve  in  75  c.cs.  of  water, 
acidify  with  pure  nitric  acid  and  add  silver  nitrate  gradually  with  stirring  as 
long  as  a  ppt.  forms.  Just  boil,  allow  to  cool,  filter  through  a  Oooch  crucible, 
wash  with  water  acidified  with  nitric  acid  till  free  from  silver  (test  with 
hydrochloric  acid)  and  dry  at  130®  to  constant  weight. 

A  filter  may  be  used,  but  on  burning  it  the  adhering  ppt.  is  reduced  to 
silver.  (Unless  care  is  taken  this  will  alloy  with  the  platinum  wire.)  Transfer 
to  crucible ;  add  2  drops  of  nitric  acid,  warm  gently,  and  then  2  drops  of 
hydrochloric  acid.  Evaporate,  and  heat  till  the  ppt.  just  melts.  Cool  in 
desiccator  and  weigh. 

Calculate  percentage  of  chlorine  in  the  salt  taken. 

Hydiobromio  add  and  hydriodio  add  are  similarly  estimated. 

The  silver  halides  readily  carry  down  with  them  basic  chlorides  of  heavy 
metals,  especially  on  boiling.  If  these  are  present  they  must  be  removed. 
(See  under  Silver.) 

Detennination  of  phosphoric  acid  (Forms :  Vg^207 ;  24M0O3,  P2O6 ;) 
Use  selected  crystals  of  sodium  hydrogen  phosphate  Na^PO^,  l2Hfi. 

(1)  As  ][g2P207.-^This  method  is  applicable  only  to  ortho-phosphates. 
Weigh  out  about  1*75  gms.  of  the  crystals,  which  should  be  small  and  quite 
transparent,  and  dissolve  in  100  c.cs.  of  water.  Now  add  a  slight  excess  of 
magnesia  mixture  *  quickly,  stirring  all  the  time.  Now  add  60  c.cs.  of  strong 
ammonia  and  set  aside  overnight.  The  ppt.  is  MgNH4P04,  GHjO.  Filter, 
wash  with  cold  dilute  ammonia  till  free  from  chloride,  and  finally  with  am- 
monium nitrate  solution.  Dry  and  ignite  to  constant  weight  in  the  usual 
manner.    Weigh  as  Mg2P207. 

N.B, — (1)  Nebauer  shows  that  if  the  pptn.  is  carried  out  in  strongly 
ammoniacal  solution  the  ppt.  is  contaminated  with  Mg3(P04)2,  and  if  excess 
of  ammonium  salts  are  present,  with  Mg(NH^)4(P04)2.  The  above  procedure 
avoids  this.    (See  abo  (Jibbs,  Amer.  Jour.  Sd.  [3],  5,  114.) 

(2)  The  filter  is  very  reluctant  to  burn  completely  owing  to  the  "fire- 
proofing"  action  of  the  phosphate.  The  last  washing  with  ammonium 
nitrate  is  to  assist  this.  If  the  ppt.  looks  black  after  ignition  owing  to  unbumt 
carbon,  it  is  re-ignited  with  the  addition  of  a  fragment  of  pure  ammonium 
nitrate. 

Alternatively,  the  ignition  may  be  done  in  a  Rose  crucible  in  a  stream  of 
oxygen. 

*  Dissolve  60  gms.  of  magnesium  chloride  crystals  and  85  gms.  of  ammonium  chloride 
in  500  c.cs.  of  water.     Dilute  to  a  litre  with  4N  ammonia. 
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Calculate  the  percentage  of  P2O5  in  the  salt  taken. 

(2)  As  pho^phomolybdio  anhydride,  SIMoOs,  P2O6. — The  advantage  of  this 
method  lies  in  the  small  percentage  of  phosphorus  in  the  ppt.  Hence  an  error 
in  weighing  the  ppt.  means  a  much  smaller  error  in  the  weight  of  phosphorus. 
The  pptn.  is  carried  out  by  the  method  described  by  Woy,  Chem,  Zeit,,  21, 442. 

The  reagents  required  are  : 

1.  Nitric  acid  (1  vol.  pure  acid  :  4  vols,  water). 

2.  Ammonium  molybdate  (30  gms.  per  litre).    (1  c.c.  =  1  mgm.  P2O5.) 

3.  Ammonium  nitrate  (340  gms.  per  litre). 

4.  50  gms.  of  ammonitun  nitrate  and  40  c.cs.  of  nitric  acid  in  a  litre  of 
water,  to  use  as  wash  liquid. 

A  quantity  of  the  salt  is  weighed  out  containing  not  more  than  0*1  gm.  of 
PjOj.  Dissolve  in  50  c.cs.  of  water  in  a  500  c.c.  beaker.  Add  30  c.cs.  of  the 
ammonium  nitrate  solution  and  15  c.cs.  of  the  nitric  acid.  Heat  to  80""  C. 
Heat  separately  a  very  slight  excess  (in  this  case  125  c.cs.)  of  the  molybdate 
solution  to  the  same  temperature.  Pour  slowly  with  stirring  into  the  phosphate 
solution.  Stir  for  a  minute  and  set  aside  till  nearly  cold.  Decant  through  a 
filter,  wash  by.decantation  with  the  wash  liquid  and  dissolve  in  a  very  little 
dilute  anmionia.  Add  to  this  20  c.cs.  of  ammonium  nitrate,  30  c.cs.  of  water 
and  1  c.c.  of  ammonium  molybdate.  Heat  to  80°  and  reppt.  by  adding  slowly, 
with  stirring,  20  c.cs.  of  hot  nitric  acid. 

The  ppt.,  which  is  now  pure 

(NH,)3P0„  12MoOs,  2HNO3,  H2O, 

is  allowed  to  stand  for  15  minutes,  filtered  through  a  Gooch  crucible,  dried 
at  100°  and  ignited  in  a  larger  nickel  crucible  as  explained  in  Fig.  11.  The 
bottom  of  the  outer  crucible  should  be  gently  heated  at 
first,  and  finally  to  a  dull  red  heat. 

^    This  method  can  be  used  to  determine  the  phosphorus 
in  iron.     (See  under  Silicic  acid.) 

Determination  of  carbonic  add  (Form  :  CO^).  Use  any 
pure  carbonate. — The  acid  is  expelled  as  COj  from  an 
apparatus  that  retains  everything  else,  and  the  loss  of 
weight  found  directly.  Numerous  pieces  of  apparatus  are 
sold  for  this  purpose,  all  on  the  same  principle.  That  of 
Fresenius  is  described  here,  all  the  parts  being  ground 
together  (see  Fig.  42).  A  little  water  is  placed  in  the 
flask,  and  some  fairly  strong  sulphuric  acid  in  the  funnel. 
The  absorption  tube  is  filled  with  calcium  chloride  (over 
which  CO2  has  been  passed  for  a  few  minutes),  which  is 
held  in  place  top  and  bottom  by  small  plugs  of  glass-wool. 

The  apparatus  is  placed  in  the  balance  case  for  a  few 
minutes  and  then  weighed.  The  stopper  of  the  flask  is* 
carefully  removed,  being  held  over  the  flask  so  that  no 
water  drops  from  the  end  of  the  funnel  tube.  About  1  gm. 
of  the  carbonate  is  introduced,  the  stopper  replaced  and  the  whole  apparatus 
again  weighed.  The  weight  of  substance  taken  is  thus  found.  The  funnel 
t^ap  is  now  cautiously  opened  and  a  few  drops  of  acid  allowed  to  flow  in.    The 
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reaction  is  thus  carefully  regulated.  When  all  the  carbonate  is  decomposed, 
any  acid  in  the  funnel  is  run  into  the  flask,  and  the  apparatus  is  placed  on  an 
asbestos  wire  gauze  and  heated  gently  until  it  just  boils,  meanwhile  aspirating 
a  slow  current  of  air  through  the  liquid.  As  soon  as  it  boils  remove  the  flame 
and  allow  to  cool,  continuing  the  gentle  air  current  (not  more  than  2  bubbles 
a  second).    Finally  replace  in  balance  case  and  weigh. 

Note, — The  carbonate  of  magnesium  (native)  requires  to  be  heated  with 
the  acid  before  action  takes  place. 

The  carbonates  of  barium,  strontitun  and  calcium  require  hydrochloric 
acid,  and  lead  carbonate  requires  nitric  acid,  to  dissolve  them.  There  is 
danger  of  losing  some  of  these  acids  on  boiling,  so  in  these  cases  the  upper 
third  of  the  absorption  tube  contains  small  fragments  of  pumice  which  have ' 
been  soaked  (in  a  vacuum)  in  saturated  copper  sulphate  solution  and  heated 
for  some  time  to  200^  in  an  air  oven.  The  anhydrous  salt  retains  traces  of 
acid  which  may  come  over. 

Cases  arise  where  COg  has  to  be  estimated  in  presence  of  other  volatile 
acids,  e.g. 

(1)  Bleaching  powder,  where  chlorine  also  comes  ofl.  In  this  case  the 
two  gases  are  evolved  from  the  weighed  substance  by  treatment  with  HCl 
in  a  small  decomposition  flask  (or  in  the  previous  apparatus)  and  led  into  a 
20  %  solution  of  calcium  chloride  containing  strong  ammonia.  Air,  free  from 
CO2,  is  aspirated  through  the  apparatus  as  in  the  previous  description. 

2NH4OH  +  CO,  =(NH[4),008+HjO 
(NH4)2C08  +  CaCl, = CaCOa  +  2WB^Cl 
8NH3  +  30, = GNH^a  +  Ng. 

The  pptd.  CaCOj  is  filtered  and  washed  and  the  COg  determined  as  in  the* 
previous  method. 

(2)  Vat  waste,  soda  ash,  etc.,  where  HgS,  SO,,  etc.,  may  be  evolved  also.- 
In  this  case  the  substance  is  treated  with  excess  of  alkaline  hydrogen  peroxide 
(use  ammonia  free  from  carbonate).  Boil  till  excess  of  HgO,  is  destroyed,, 
and  then  determine  the  carbonate  as  before. 
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STSTEHATIC  STUDT  OF  IBE  ESUHATION  AND  SEPARATION 

OF  IBE  BASES. 

METALS  OF  GROUP  I. 

Silver  (Form :  AgCl). — Ppt.  with  excess  of  dilute  HCl  and  treat  ppt.  as 
already  described,  p.  196. 

In  case  stannic  and  ferric  salts  are  present,  the  solution  must  not  be  boiled 
or  insoluble  basic  salts  will  be  formed.  Enough  nitric  acid  must  be  present 
to  prevent  this,  and  the  pptn.  is  performed  entirely  in  the  cold.  The  ppt. 
is  caused  to  coagulate  by  shaking  or  stirring  vigorously. 

See  also  Vohimettio  methods. 

Lead  (Forms :  PbSO^ ;  PbO). 

1.  As  PbSO^. — The  solution  of  the  lead  salt  (which  should  be  free  from 
salts  of  barium,  strontium  and  calcium),  and  contain  about  0-75  gm.  of  the 
salt  in  80  c.cs.  of  water,  is  treated  with  a 
moderate  excess  of  dilute  sulphuric  acid. 
Now  add  alcohol  (industrial  methylated  spirit 
distilled  from  soda  will  do,  but  not  ordinary 
methylated  spirit)  equal  to  about  one-third 
of  the  volume  of  liquid ;  filter,  wash  with 
alcohol  till  quite  free  from  sulphuric  acid 
(methyl  orange  test).  Dry  at  100°.  Transfer 
ppt.  as  completely  as  possible  to  a  watch- 
glass  and  cover  with  a  funnel.  Burn  the 
filter.  Treat  the  ash  and  reduced  lead  in  the 
crucible  with  a  little  dilute  nitric  acid  till 
dissolved,  then  a  drop  of  sulphuric  acid. 
Dry  carefully,  add  the  main  portion  of  the 
ppt.  Place  the  crucible  in  a  larger  crucible 
in  which  it  is  held  in  place  by  an  asbestos 
ring  (Treadwell)  (Fig.  43).  Heat  the  outer 
crucible  to  full  redness.     Cool  and  weigh.     Repeat  to  constant  weight. 

Note. — (a)  Many  substances  can  be  transformed  into  sulphates  and  heated 
thus,  the  temperature  being  just  insufficient  to  decompose  them. 

(b)  If  the  lead  is  originally  present  as  chloride  or  nitrate,  the  addition  of 
sulphuric  acid  sets  free  hydrochloric  or  nitric  acid  in  which  lead  sulfate  is 

199 


Pig.  4S. 


Digitized  by 


Google 


200  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

fairly  soluble.  In  this  case  the  salt  is  weighed  into  a  porcelain  basin,  treated 
with  a  moderate  excess  of  dilute  sulphuric  acid  and  evaporated,  very  slowly 
at  first,  on  a  sand-bath,  until  dense  fumes  of  sulphuric  acid  come  off.  Allow 
to  cool,  transfer  to  a  beaker,  dilute  with  water  and  then  with  alcohol.  Carry 
on  as  above.  ^ 

2.  Ai  PbO. — Ppt.  the  lead  solution  (which  must  be  free  from  other  bases 
except  sodium  and  potassium)  with  the  slightest  possible  excess  of  ammonium 
carbonate  solution,  followed  by  very  little  ammonia. 

Filter,  wash  free  from  ammonia  (litmus  paper).    Dry  at  100®. 

Treat  ppt.  as  described  under  PbS04,  but  do  not  add  sulphuric  acid  to  the 
crucible.     The  nitrate  formed  will  turn  to  oxide  on  ignition. 

Owing  to  the  solubility  of  lead  carbonate  in  ammonium  salts,  these  must 
be  absent,  and  the  least  possible  excess  of  the  reagent  used. 

Mercury  (Forms  :  EgJSk ;  HgS ;  Hg)« 

(1)  Ai  EggCla* — The  mercurow*  solution,  free  from  silver  and  lead,  is 
pptd.  with  sodium  chloride  solution,  diluted,  filtered  through  a  Grooch  crucible, 
dried  at  100^  -and  weighed. 

Note, — Mercurtc  solutions  may  be  thus  estimated  if  first  reduced,  in  the 
presence  of  HCl,  by  excess  of  phosphorous  acid.  The  necessary  mixture  of 
these  acids  is  obtained  by  treating  phosphorus  trichloride  with  water 
(H.  Rose). 

GROUP  II. 

DIVISION  A.    TmO-BASES. 

M6roiiry(/c). 

(2)  As  HgS. — This  method  may  only  be  used  when  the  solution  is  free  from 
oxidising  agents,  especially  nitric  acid,  or  much  free  acid.  The  pptn.  is  similar 
to  that  of  copper  sulphide  except  that  it  is  carried  out  in  the  cold.  Filter 
through  tared  filter  or  Gooch  crucible,  and  dry  at  105°  to  constant  weight. 

The  presence  of  free  acid,  especially  nitric  acid,  causes  the  formation  of 
thio-basic  salts,  e.g.  Hg2S(N03)2,  which  are  not  completely  converted  to 
sulphide.  Unfortimately  the  usual  estimations  of  mercury  (in  amalgams, 
cinnabar,  etc.)  are  in  solutions  strongly  acid  with  nitric  acid.  Boiling  with 
hydrochloric  acid  causes  loss  of  mercury  chloride  with  the  steam.  Hence 
either  reduce  to  mercurous  state  as  above  (Rose's  method),  or  carry  out  the 
pptn.  of  the  sulphide  in  alkaline  solution  according  to  Volhard. 

The  acid  solution  is  nearly  neutralised  with  sodium  carbonate  and  treated 
with  freshly-prepared  sodium  sulphide  solution,  added  slowly,  with  constant 
stirring,  till  in  excess.  Finally  heat  to  boiling,  and  continue  adding  the 
sodium  sulphide  till  the  ppt.  has  dissolved.  Hg(SNa)2  is  formed,  and  is  now 
decomposed  by  boiling  with  ammonium  nitrate  till  all  ammonia  is  expelled. 
Filter  through  a  Gooch  crucible,  wash  with  hot  water  till  free  from  sulphide 
(sodium  plumbite  test)  and  treat  as  above.  When  dry,  extract  several  times 
with  pure  carbon  disulphide,  to  remove  any  free  sulphur,  and  repeat  to  constant 
weight. 
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(3)  Ai  metal  (Erdmann  and  Jannasch,  Jour.  f.  Pr.  Chem.,  81,  385).— All 
compounds  of  mercury  except  the  iodide  are  completely  decomposed  by 
heating  with  quicklime. 

A  ^ass  combustion  tube  about  40  cms.  long  is  drawn  out  at  one  end  and 
bent  at  right  angles  as  shown  in  Fig.  44.  A  plug  of  dry  asbestos  wool  is  pushed 
down  nearly  to  the  constriction,  then  a  layer  of  quicklime  about  25  cms. 
long.  About  2  gms.  of  the  substance  is  weighed  out  into  a  glass  mortar 
containing  5  gms.  of  powdered  quicklime,  intimately  mixed  by  means  of  a 
stout  platinum  wire  and  transferred  to  the  tube  by  a  funnel  of  glazed  paper. 
The  mortar  is  washed  out  with  several  small  quantities  of  quicklime,  which 
are  abo  transferred  to  the  tube.  Finally  a  layer  of  5  cms.  of  quicklime  is  put 
in,  another  small  asbestos  plug,  and  a  cork  carrying  a  short  straight  tube. 


FlO.  44. 

The  drawn-out  end  is  attached  to  a  weighed  Volhard  absorption  tube,  the 
wider  end  of  which  is  loosely  filled  with  gold  leaf. 

The  tube  being  placed  in  the  furnace,  first  the  long  layer  of  lime  is  heated, 
then  the  short  layer,  and  finally  the  mixture  of  lime  and  substance,  whilst  a 
gentle  stream  of  carbon  dioxide  or  coal-gas  is  passed  through  the  apparatus. 

The  layer  of  quicklime,  and  the  layer  of  the  mixture  should  not  be  tightly 
packed  or  the  gas  will  not  pass  through.  If  small  granular  quicklime  is  not 
available,  the  tube  should,  after  being  filled,  be  tapped  gently  in  a  horizontal 
position  so  as  to  cause  a  smaU  channel  to  be  left  by  the  settling  of  the  par- 
ticles. 

After  the  experiment  conduct  dry  air  through  the  Volhard  tube  to  carry 
off  moisture  and  weigh  it.  The  mercury  which  invariably  collects  in  the 
drawn-out  portion  of  the  tube  is  weighed  by  cutting  off  this  portion,  weighing 
it,  heating  to  volatilise  the  mercury  and  weighing  again. 

Copper. — See  p.  194. 

Bismiith.  Ai  B^Sj. — The  solution  should  be  only  slightly  acid  with 
hydrochloric  acid.    Oxidising  agents  to  be  absent. 

Saturate  with  H^S  as  described  under  copper,  p.  194,  filter  through  Oooch 
crucible,  wash  with  H^S  water,  dry  and  remove  sulphur  as  described  under 
mercury,  p.  200,  or  it  may,  without  drying,  be  washed  with  alcohol,  then 
carbon  disulphide,  then  alcohol,  finally  ether  and  dried  at  100®. 

Bismuth  nitrate  must  be  pptd.  as  basic  carbonate  by  ammonium  carbonate. 
The  diluted  solution  (disregard  turbidity  due  to  basic  salt)  is  treated  with 
a  slight  excess  of  the  reagent,  boiled,  filtered  and  ignited  to  BijOj,  the  reduced 
bismuth  being  reoxidised  as  under  copper  (p.  194). 
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Cadmium.  Ai  OdSO^. — (1)  Other  bases  absent,  and  the  cadmium  present 
with  a  volatile  acid. — Treat  in  a  weighed  porcelain  crucible  with  excess  of  dilute 
sulphuric  acid.  Evaporate  very  gently  to  dryness,  and  finally  heat  in  a  larger 
crucible  as  described  under  lead  sulphate,  p.  199. 

(2)  Other  bases  are  present,  (Except  Group  II.) — The  sulphide  is  pptd. 
exactly  as  described  under  copper  (p.  194)  with  the  addition  of  5  c.cs.  of  pure 
sulphuric  acid  for  every  100  c.cs.  of  solution.  Wash  with  hydrogen  sulphide 
water,  filter  and  dry  as  usual,  transfer  to  a  crucible  and  replace  filter  in  funnel. 
Pour  a  little  hot,  strong  hydrochloric  acid  through  the  filter  to  dissolve  the  ppt. 
adhering  thereto,  and  allow  it  to  run  into  the  crucible.  Repeat  two  or  three 
times,  using  the  absolute  minimum  of  acid.  Finally  evaporate  the  acid  in 
the  crucible,  thereby  converting  the  sulphide  to  chloride.  Now  convert  to 
the  sulphate  as  described  above  and  weigh  as  such. 

Note, — It  is  not  sufficiently  accurate  to  weigh  the  sulphide,  as  thio-basic 
salts  are  invariably  present  however  the  pptn.  is  carried  out  (Treadwell). 

DIVISION  B.    THIO-ACQXS. 

Anenic  (otii).  As  Ai^,. — The  solution  must  be  quite  free  from  oxidising 
agents  and  the  whole  of  the  arsenic  present  in  the  arsenious  state.  The 
warm  solution,  acid  with  hydrochloric  acid,  is  saturated  with  hydrogen 
sulphide  as  described  on  p.  194.  Filter  through  a  tared  filter  or  Gooch 
crucible,  dry  at  100^,  extract  with  pure  carbon  disulphide,  dry  again  and 
weigh. 

Anenio  (io).  Ai  Mg^ASsO?* — The  arsenic  may  be  oxidised  if  necessary 
by  warming  with  hydrogen  peroxide  and  ammonia.  10  c.cs.  of  4N  ammonium 
chloride  are  then  added  for  every  50  c.cs.  of  solution,  and  magnesia  mixture, 
added  dropwise,  is  well  stirred  in  till  pptn.  is  complete.  Strong  anmionia  is 
then  added  and  the  mixture  stood  aside  overnight.  Filter  through  a  Gooch 
crucible,  wash  with  dilute  ammonia,  finally  with  anmionium  nitrate  solution, 
dry  at  100^  and  heat  in  a  larger  crucible  as  described  under  lead  sulphate 
(p.  199).  ...  .  . 

Note, — The  ammonium  nitrate  is  to  destroy  traces  of  carbon  left  by  organic 
bases  present  in  the  ammonia.  A  filter  cannot  be  used,  as  its  combustion  will 
reduce  the  arsenic  causing  loss  by  volatilisation. 

Antimony.  As  Sb^a* — The  sdution  is  treated  with  2  or  3  grams  of  tartaric 
acid  and  very  little  hydirochloric.  (If  too  much  mineral  acid  is  present  pptn. 
will  be  incomplete.)  Dilute  to  150  c.cs.  with  water.  The  tartaric  acid  is  to 
prevent  pptn.  of  basic  salts  when  this  necessary  dilution  is  performed.  Saturate 
with  hydrogen  sulphide  as  on  p.  194,  filter  through  a  Gooch  crucible,  wash 
.with  hydrogen  sulphide  water,  alcohol,  carbon  disulphide,  alcohol  and  dry 
at 100^ 

Owing  to  the  fact  that  SbjS,  obstinately  retains  water,  it  is  now  necessary 
to  heat  to  230®  for  20  minutes  in  a  stream  of  carbon  dioxide  (to  prevent 
oxidation).  This  is  best  done  in  a  Paul  crucible  oven,  Fig.  45.  (See  Zeit, 
/.  anal.  Chem,,  81, 540.)  Repeat  to  constant  weight,  but  do  not  heat  for  longer 
than  15-20  minutes  at  a  time. 

Failing  a  Paul  oven,  the  ppt.  may  be  treated  thus : 
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After  drying  at  100^  and  weighing,  a  weighed  portion  is  transferred  to  a 
weighed  porcelain  boat,  placed  in  a  combustion  tube,  and  heated  very  gently 
in  a  stream  of  carbon  dioxide.  The  temperature  should  not  exceed  230"^. 
From  the  loss  of  weight  it  is  a  simple  matter  to  calculate  the  amount  of 
impurity  present  in  the  wJiole  ppt. 

Tin.    As  Sn02. — (1)  If  an  alloy  of  tin  is  being  examined,  about  0*5  gm. 
is  treated  in  a  beaker  with  as  little  warm  nitric  acid  (2:1)  as  is  necessary. 
The  beaker  is  covered  with  a  clock-glass  and  gently  warmed.     When  the 
taction  is  completed,  dilute  with  100  c.cs.  of 
>b6iling  water  and  allow  ppt.  to  settle.  Filter, 
-wash,  dry  and  treat  exactly  as  described 
Tunder  copper  oxide,  p.  194.   Complete  ignition 
tover  blowpipe  to  constant  weight. 

Note. — Antimony  must  not  be  present 
idien  this  method  is  used. 

(2)  If  tin  is  present  as  a  soluble  salt  free 
from  organic  matter  it  is  oxidised  to  the 
stannic  state  by  bromine  water,  neutralised 
with  anmionia,  and  stannic  acid  pptd.  by 
diluting,  adding  anmionium  nitrate  and  boil- 
ing.   Treat  ppt.  as  in  (1). 

(3)  Alternatively,  and  in  any  case  if 
organic  matter  is  present,  ppt.  as  sulphide 
in  the  presence  of  very  little  free  acid.  (The 
state  of  oxidation  of  the  tin  is  immaterial.) 

Filter,  wash  with  ammonium  nitrate  (to  ^^  ^5 

prevent  hydrosol  formation),  bum  the  filter 

and  treat  the  metallic  tin  as  described  under  copper,  p.  194,  in  a  Rose  crucible. 
Now  add  the  main  ppt.  and  ignite  in  a  stream  of  oxygen  to  constant 
weight.    Weigh  as  SnOj. 

Note. — Tin  sulphide  obstinately  retains  sulphuric  acid.  If  this  was 
present,  remove  by  adding  a  tiny  fragment  of  anmionium  carbonate  before 
igniting  (TreadweU).    Repeat  to  constant  weight. 

Separation  of  Oionp  IL  from  fhe  remaining  Oronps. 

This  is  carried  out  as  described  in  Qualitative  Analysis,  Table  A.  It  is 
most  important  to  have  the  right  amount  of  acid  present.  If  too  much  is 
present,  then  tin,  antimony  and  copper  will  be  incompletely  pptd.  If  too 
Uttle,  the  ppt.  will  be  contaminated  with  Group  III.  B.  metals,  especially 
2inc. 

As  a  guide,  about  15  c.cs.  of  4N  acid  to  100  c.cs.  of  the  solution  will  be 
found  correct.    (This  is  a  maximum.) 

Group  n.  A.  is  separated  from  Group  II.  B.  by  the  use  of  sodium  sulphide 
(freshly  made),  except  when  mercury  is  present,  in  which  case  ammonium 
.sulphide  should  be  used. 

For  further  particulars  see  Chapter  IV. 
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GROUP  III. 
DIVISION  A. 

Iron,  ohromiiim  and  alnmininm  have  been  discussed  in  Chapter  II. 

Uraninm.  As  UO2. — The  metal  is  pptd.  from  solution  (which  must  be  free 
from  carbonates  and  ammonium  carbonate ;  see  Book  II.  under  Uranium) 
as  anmionium  uranate,  (NH4)2U207.  Filter,  wash,  dry,  transfer  to  a  Rose 
crucible  in  the  usual  way,  ignite  very  gently  in  air  and  finally  strongly  in  a> 
stream  of  hydrogen. 

Separation  of  Oionp  IIL  A.  from  the  remaining  Oionps. 

The  pptn.  is  carried  out  as  described  in  Book  II.,  Table  A.  If,  however, 
much  magnesium  is  present  the  ppt.  will  certainly  be  contaminated  with  it. 
Hence  after  filtering,  the  ppt.  in  this  case  should  be  redissolved  in  dilute 
hydrochloric  acid  and  repptd.  The  two  filtrates  and  the  washings  are  of 
course  united. 

The  same  remarks  apply  especially  to  the  alloys  of  aluminium  (duralumin, 
magnaUum,  etc.).  The  pptn.  of  the  aluminium  in  such  alloys  as  contain 
metab  of  the  succeeding  groups  must  always  be  carried  out  twice. 

GROUP  m.  B. 

Zine  (Fonns  :  ZnO;  ZnS). 

(1)  Ai  ZnO. — ^No  other  bases  except  sodium  and  potassium  may  be  present. 
Ppt.  as  carbonate  by  adding  pure  sodium  carbonate  solution  dropwise 

to  the  boiling  neutral  liquid.  To  prevent  adsorption  of  the  alkali  use  the 
least  possible  excess.  Filter  hot,  dry  at  100°,  transfer  the  ppt.  to  the  crucible 
and  moisten  the  filter  with  anmionium  nitrate  solution.  Dry  again  and 
incinerate.  Transfer  the  ash  to  the  crucible  and  ignite  to  oxide,  avoiding  the 
entrance  into  the  crucible  of  reducing  gases  from  the  flame,  or  the  oxide  will . 
be  reduced  to  zinc  and  volatilised.  (The  ammonium  nitrate  is  to  prevent  such 
reduction  by  the  burning  filter.) 

A  muffle  furnace  should  therefore  be  used  for  the  ignition  if  available. 

Note. — If  sulphuric  acid  is  present,  basic  sulphate  will  contaminate  the 
ppt.  In  this  case,  and  in  case  other  metals  (except  Qroups  II.  and  III.)  are 
present,  employ  method  (2). 

(2)  Ai  ZnS. — Render  just  alkaline  with  sodium  carbonate.  Redissolve 
the  ppt.  with  acetic  acid  and  add  a  few  c.cs.  of  ammonium  acetate  solution 
(saturated).  Ppt.  with  colourlesa  ammonium  sulphide  (or  hydrogen  sulphide). 
Allow  to  settle  completely,  filter,  wash  with  dilute  ammonium  acetate  and 
ammonium  sulphide  solution,  dry,  transfer  to  Rose  crucible,  treat  the  filter 
as  in  method  (1)  and  add  to  the  crucible.  Cover  with  pure  sulphur  and  ignite, 
gently  in  a  stream  of  hydrogen.    Repeat  to  constant  weight. 

Manganese  (Forms  :  MnsO^ ;  KnS  ;  ]lnS04). 

(1)  As  Mn^O^. — No  other  bases  except  the  alkalis  may  be  present. 

Ppt.  the  carbonate  as  describei  under  zinc,  (1),  but  with  ammonium 
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carbonate.    Filter,  wash  and  ignite  wet,  with  free  access  of  air  (muffle  best) 
to  constant  weight. 

(2)  Ai  lliiS. — Ppt.  as  described  under  copper  sulphide,  in  presence  of 
excess  of  ammonium  chloride  and  not  too  much  ammonia.  Saturate  cold 
with  hydrogen  sulphide.  The  ppt.  is  finely  divided,  and  requires  special 
filter  paper  to  retain  it.  Wash  with  dilute  ammonium  sulphide.  Treat  as 
with  zinc  sulphide,  except  that  ammonium  nitrate  is  unnecessary. 

Note, — The  pptn.  in  the  cold  is  only  necessary  in  the  presence  of  alkaline 
earths  or  magnesium.  These  absent,  it  may  be  done  at  the  boil,  when  the 
ppt.  settles  much  better. 

(3)  MnSO^. — The  carbonate,  oxides  and  sulphides  may  all  be  converted 
to  the  sulphate  as  described  under  cadmium,  p.  202.  Similarly  manganese 
combined  with  a  volatile  acid  and  in  absence  of  other  bases  may  be  so  deter- 
mined. 

Manganates  and  permanganates. — Reduce  to  manganese  salts  by  passing 
sulphur  dioxide  into  the  acid  solution.    Then  use  one  of  the  above  methods. 

Nickel.  As  metal. — Only  alkalis  may  be  present  besides  the  nickel.  The 
solution  is  pptd.  with  KOH  as  described  under  copper,  p.  194.  When  pptn.  is 
complete,  bromine  water  is  added  until  the  ppt.  is  converted  into  Ni(OH)j, 
which  settles  and  filters  much  better  than  Ni(0H)2.  Transfer  the  filtered 
and  washed  ppt.  to  a  Rose  crucible,  add  the  filter  ash  and  reduce  to  nickel 
in  a  stream  of  hydrogen  with  the  blowpipe  flame.  Cool  in  the  hydrogen 
current  and  weigh. 

Ck>balt.  As  metal. — The  operation  and  the  conditions  are  the  same  as  for 
nickel. 

Separation  of  Oionp  m.  B.  from  Ghronp  IV.  and  Magnedmn. 

The  neutral  solution  of  the  chlorides  in  a  conical  flask  is  treated  with  the 
necessary  ammonium  chloride  and  colourless  ammonium  sulphide  added 
dropwise  till  in  alight  excess.  The  air  in  the  flask  is  then  displaced  by  a  rapid 
stream  of  hydrogen  sulphide,  the  flask  closed  whilst  the  gas  is  passing  (clips 
on  rubber  tubing)  and  left  overnight. 

Filter  and  wash  as  under  Zinc  Sulphide. 

Note — (1).  The  ammonia  used  for  the  preparation  of  the  sulphide  must 
be  quite  free  from  carbonate  or  Group  IV.  will  contaminate  the  ppt. 

(2)  NiS  forms  a  hydrosol  in  the  presence  of  much  anmionium  sulphide, 
especially  the  yellow  variety.  Hence  the  reason  for  the  exclusion  of  air  and 
the  use  of  the  least  possible  excess  of  the  reagent. 


GROUP  IV. 

Barium  (Forms  :  BaS04 ;  BaCr04). 

(1)  As  BaS04. — Lead  and  strontium,  and  the  bases  mentioned  under 
sulphuric  acid,  p.  195,  must  be  absent. 

Treat  the  boiling  solution  with  boiling  dilute  sulphuric  acid  added  dropwise 
until  in  excess.  Settle,  filter,  wash  with  hot  water  till  free  from  sulphuric 
acid.    Ignite  wet,  or  in  the  usual  way.    Do  not  use  the  blowpipe.    (See  p.  196,) 
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(2)  Ai  BaCr04. — Lead  and  mercury  must  be  absent.  The  solution  is  acid 
with  acetic  acid  only  and  the  pptn.  is  made  with  ammonium  chiomate  if 
available,  otherwise  with  the  potassium  salt.  Filter  through  a  Gooch  crucible 
and  treat  as  already  described  under  chromic  acid,  p.  193L 

Strontium.  As  S1SO4. — The  procedure  is  exactly  as  described  under  lead 
sulphate,  p.  199. 

Note, — SrSO^  is  appreciably  soluble  in  nitric  and  hydrochloric  acids  and 
in  magnesium  and  alksJi  chlorides. 

Calcium  (as  CaO). — The  calciimi  is  pptd.  as  oxalate  from  solution  slightly 
alkaline  with  ammonia.  No  other  base  but  magnesiimi  and  the  alkalis  may 
be  present.  The  solution  should  be  boiling,  and  boiling  ammonium  oxalate 
is  added  dropwise  till  present  in  excess.  Filter,  wash  with  hot  water,  ignite 
wet  or  in  the  usual  way,  finally  over  the  blowpipe  or  in  a  muffle  to  constant 
weight.  During  cooling  the  crucible  should  be  placed  in  a  desiccator  contain- 
ing soda-lime,  to  prevent  absorption  of  carbon  dioxide. 

If  much  magnesium  be  present,  see  next  paragraph. 

Separation  of  Oionp  IV.  from  Oronp  V. 

The  three  alkaline  earths  are  pptd.  as  oxalates  from  dihUe  solution  con- 
taining ammonium  chloride  and  just  alkaline  with  anmionia.  Carry  out 
exactly  as  described  under  calcium.  Excess  of  ammonium  oxalate  is  an 
advantage. 

If  much  magnesitun  is  present  (e.g.  dolomite)  a  single  pptn.  is  insufficient ; 
the  ppt.  will  surely  contain  magnesium  oxalate.  It  must  therefore  be  dis- 
solved in  hydrochloric  acid  and  again  rendered  alkaline  with  anmionia  and 
repptd. 

GROUP  V. 

Magnetium.  Ai  HggPsO,.  (Gibbs,  Amer,  Jour.  Sci,  [3]  6,  114.)— The 
magnesium  is  pptd.  by  adding  dropwise,  to  the  boiling  liquid,  a  solution  of 
microcosmic  salt,  till  no  further  ppt.  forms.  The  magnesium  is  pptd.  as 
MgHPO^.  On  cooling  and  slowly  adding  ammonia  with  constant  stirring,  the 
ppt.  is  converted  to  MgNH4P04, 6H2O.  Filthy,  wash,  dry  and  ignite  as  already 
described  under  phosphoric  acid,  p.  196. 

Potassium  (Forms  :   KCIIO4  ;  KjhCi^  ;  E2SO4). 

(1)  Ai  KCIIO4. — This  method  is  by  general  consent  regarded  as  the  cheapest, 
simplest  and  best  method  of  determining  potassium.  With  other  methods, 
no  base  except  sodium  may  be  present,  and  the  salt  must  be  the  chloride. 
Sir  W.  Crookes  states  that  the  perchlorate  method  gives  accurate  results  in 
the  presence  of  the  alkaline  earths,  magnesium,  sodium,  iron,  aluminium, 
sulphates  and  phosphates.     (See  also  Amer.  Jour,  Sci.,  June,  1895.) 

The  substance  in  which  the  potassium  is  to  be  determined  {best  as  the 
chloride)  is  dissolved  in  a  little  water,  treated  with  perchloric  acid  of  S.G. 
1-42  and  evaporated  to  a  small  volume  on  the  water-bath.  95%  alcohol 
containing  a  little  perchloric  acid  is  added,  the  ppt.  transferred  to  a  tared 
filter  or  a  Gooch  crucible,  washed  with  95  %  alcohol,  dried  at  100°  and  weighed 
as  Ka04. 
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The  separation  from  sodium,  involved  in  almost  all  determinations  of 
potassium,  is  properly  aooomplished  by  this  method. 

(2)  Ai  KJPta^. — The  potassium  must  be  present  as  chloride  and  no  other 
base  but  sodium  may  be  present. 

If  the  potassium  and  sodium  are  not  present  as  chlorides,  they  must,  after 
weighing,  be  converted  thereto  by  evaporation  with  strong  hydrochloric  acid 
if  a  volatile  acid  is  present,  or  by  exact  pptn.  with  barium  chloride  in  the  case 
of  sulphate  or  ferric  chloride  in  case  of  phosphate. 

Hie  solution  of  the  two  chlorides  in  water  is  treated  with  a  slight  excess  * 
of  chlorplatinic  acid  and  evaporated  dry  on  the  water-bath.  The  residue  is 
treated  with  a  little  absolute  alcohol,  well  stirred,  brought  on  to  a  tared  filter 
moistened  with  absolute  alcohol  and  washed  with  alcohol  until  the  washings 
are  colourless.  (The  sodium  salt  is  soluble  in  alcohol.)  Dry  at  100^  and 
weigh  as  K^(\.  . 

The  authors  of  the  correct  working  out  of  this  method  {Chem.  Netoa,  xvii. 
244)  take  488*4  as  the  molecular  weight  of  KjPtCle.  This  makes  use  of  the 
old  atomic  weight  for  platinum  (197*20),  whereas  the  accepted  atomic  weight 
is  195*2.  In  spite  of  this  the  results  are  more  accurate  when  the  older  number 
is  employed. 

According  to  Treadwell,  this  is  due  to  the  fact  that  the  ppt.  is  not  pure 
KjPtC\,  but  contains  also  a  little  hydrogen  and  oxygen,  due  to  slight  hydro- 
lysis. 

(3)  Ai  K2SO4. — Used  where  potassium  is  the  only  base  present  except 
ammonium,  and  is  combined  with  a  volatile  or  an  organic  acid. 

Ammonium  salts  if  present  are  destroyed  by  very  gentle  ignition,  the 
residue  is  dissolved  in  a  little  water  and  transferred  to  a  crucible.  It  is 
evaporated  dry  on  a  water-bath,  allowed  to  cool  and  moistened  with  strong 
sulphuric  acid.  Evaporate  dry  on  water-bath  and  then  heat  to  barely  visible 
redness  with  addition  of  a  fragment  of  pure  ammonium  carbonate.  Repeat 
to  constant  weight. 

Sodimn.  Ai  Na^^. — ^Procedure  and  conditions  the  same  as  for  potassium. 
In  a  mixture  of  sodium  and  potassium  chlorides  it  is  usual  to  weigh  them, 
determine  the  potassium  and  estimate  the  sodium  by  difference. 

lathinm.    As  102804. — Conditions  and  procedure  as  for  potassium. 

Ammoninm.  As  (NH4)2PtCle,  oonverted  to  Pt. — Conditions  and  procedure 
as  for  potassium,  which  must  of  course  be  absent.  The  final  ppt.,  however,  is 
ignited  in  the  usual  manner  in  a  porcelain  crucible  (gently  at  first,  finally  with 
free  access  of  air)  and  the  residue  of  platinum  weighed.    Pt  =  2NH4.     • 

Ammonium  is  best  determined  volumetricaUy,  q.v, 

TREATMENT  OF  DISOLTIBLE  BODIES. 

Sulphates  of  lead  and  strontium  are  converted  to  carbonates  by  boiling  with 
excess  of  sodiimi  carbonate  for  an  hour,  filtering,  washing  with  dilute  sodium 
carbonate  till  free  from  sulphate,  then  with  water  and  dissolving  in  dilute 
nitric  or  hydrochloric  acid.    Carry  on  as  usual. 

*  The  amount  to  be  added  is  roughly  calculated  by  assuming  that  the  whole  weight 
pf  the  chlorides  is  NaCl.     This  ensures  a  suitable  exoess. 
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Barium  sulphate  must  be  fused  in  a  platinum  crucible  with  6  times  its 
weight  of  fusion  mixture.  The  fusion  after  cooling  is  dissolved  in  a  little  cold 
water,  brought  on  to  a  filter,  washed  with  cold  sodium  carbonate  solution  till 
free  from  sulphate.    Carry  on  as  with  strontium. 

Stannic  anhy^de  (tilistofte)  is  fused  in  a  platinum  crucible  with  4  times 
its  weight  of  KHFj  (Hallett).  The  mineral  must  be  in  a  very  fine  powder. 
After  the  action  is  complete  the  crucible  is  allowed  to  cool,  treated  with 
sulphuric  acid  and  warmed  gently  to  expel  hydrofluoric  acid,  and  treated  with 
a  little  cold  water  and  filtered.    On  boiling  the  filtrate  stannic  acid  is  pptd. 

Alumina  is  fused  with  KHSO4,  the  melt  dissolved  in  water  and  the 
aluminium  pptd.  as  hydroxide. 

For  treatment  of  insoltMe  silicates,  see  end  of  Chapter  IV. 
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CHAPTER  IV. 

SEPARATIONS. 

GROUP  I. 

Silver  from  lead  (Benedict  and  Oaus). — The  solution  of  the  nitrates  is  pptd. 
with  potassium  iodide.  Sufficient  nitric  acid  (1 : 1)  is  then  added  and  the 
liquid  boiled  till  the  lead  iodide  is  destroyed  and  the  iodine  volatiliBed.  Filter 
through  a  Gooch  crucible,  dry  the  silver  iodide  at  110®  and  ppt.  the  lead  as 
sulphate  from  the  filtrate. 

Note. — (1)  This  is  not  available  in  the  presence  of  mercury,  as  silver  iodide 
is  soluble  in  solutions  of  mercury  nitrate. 

(2)  Silver  may  be  separated  from  all  other  metals  except  lead  by  pptn. 
with  hydrochloric  acid.    If  mercury  is  present  it  is  oxidised  by  nitric. 

Lead  from  mercury. — Ppt.  the  lead  as  sulphate.  The  alcohol  is  evaporated 
from  the  filtrate  and  the  mercury  determined  by  Rose's  method,  p.  200. 

GROUP  II.  A. 

Bismuth  from  lead  (Jannasch). — Ppt.  the  sulphides.  After  drying  place 
them,  with  the  filter  ash,  in  a  porcelain  boat  which  is  put  into  a  combustion 
tube  about  25  cms.  long,  one  end  of  which  is  drawn  out  and  bent  at  right 
angles.  This  end  dips  into  a  flask  containing  dilute  nitric  acid  (1 :  2).  Dry 
bromine  vapour  (carried  over  by  a  current  of  dry  COj  passing  through  a 
wash-bottle  containing  bromine,  which  is  again  dried  by  passing  through  a 
U-tube  containing  glass-beads  moistened  with  sulphuric  acid)  is  led  through 
the  tube,  and  the  boat  is  gently  heated  with  a  small  flame.  The  metab  are 
converted  into  bromides  and  the  BiBr,  readily  volatilises  and  is  caught  in 
the  nitric  acid.  The  flask  should  be  fitted  with  an  exit  tube  to  which  an 
absorption  flask  containing  alcohol  is  attached,  to  absorb  excess  of  bromine. 
The  heating  should  not  be  carried  beyond  the  point  at  which  the  lead  bromide 
begins  to  melt.  Distil  the  sublimate  as  completely  as  possible  into  the 
receiver. 

If  no  other  metals  are  present,  the  lead  may  be  calculated  from  the  weight 
of  lead  bromide  left  in  the  boat,  or  it  may  be  dissolved  in  chlorine  water  and 
determined  as  sulphate. 

The  bismuth  solution  is  filtered  from  sulphur,  evaporated  to  a  small  volume 
and  the  bismuth  detenoin^  by  pptn.  with  ammonium  carbonate  as  on  p.  201* 
U  20d 
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Bismuth  from  cadmimn. — Exactly  as  bismuth  from  lead. 

Mercury  from  any  of  the  thio-bases. — ^The  sulphides  are  pptd.,  filtered  and 
washed  ;  a  hole  is  made  in  the  filter  and  the  sulphides  washed  into  a  beaker 
by  a  stream  of  boiling  water.  The  liquid  is  boiled  and  hot  nitric  acid  (1:1) 
is  added,  one  drop  at  a  time,  till  no  further  action  takes  place.  If  necessary 
the  filter  may  also  be  treated  with  hot  dUtUe  nitric  acid,  but  this  is  not  generally 
necessary. 

The  mercury  is  left  as  an  insoluble  thio-basic  nitrate ;  the  other  metals 
are  converted  to  nitrates.  Dissolve  the  residue  in  aqua  regia  and  estimate 
the  mercury  by  Rose's  method,  p.  200. 

Note, — If  the  method  is  carried  out  as  described,  lead  will  not  be  converted 
into  sulphate  and  the  separation  will  be  comjJlete. 

Alloys  of  the  thio-bases  with  tin  (solder,  pewter,  etc.). — The  alloy  is 
treated  with  nitric  acid  as  already  described,  and  the  tin  determined  as 
SnOg,  p.  203.    Antimony  must  not  be  present. 

In  the  case  of  bronzes  (Ca-Sn  alloys)  a  little  phosphorus  is  usually  present. 
This  is  determined  in  a  separate  portion  as  phosphoric  acid.  It  will  be 
obtained  with  the  SnO,  as  PgOg.  The  weight  of  PjOg  foimd  must  therefore 
be  subtracted  from  this  to  obtain  the  weight  of  SnOg. 

The  phosphorus  is  determined  thus  (Oettel,  Chem,  Zeit,,  1896,  19) : 
■  About  5  gms.  of  the  alloy  are  treated  with  nitric  acid,  the  ppt.  of  meta- 
stannic  acid  and  phosphoric  acid  filtered,  washed,  dried  and  transferred  to  a 
porcelain  crucible,  the  filter  ash  being  also  added.  Ignite,  cool,  add  some 
solid  potassium  cyanide  and  fuse.  The  tin  is  reduced  to  a  button  of  metal, 
the  P2O5  forms  potassium  phosphate.  Cool,  dissolve  in  water  and  filter, 
destroy  the  cyanide  by  boiling  with  dilute  hydrochloric  acid  in  the  draught- 
cupboard,  and  determine  the  phosphorus  as  MggPsO^. 

GROUP  n.  B. 

Separation  of  arsenic,  antimony  and  tin  (Fischer  and  Classen,  Ber,  zviii. 
p.  1110). — The  metallic  sulphides  (repptd.  if  necessary,  for  separation  purposes, 
from  the  ammonium  sulphide  solution)  are  dissolved  in  a  large  covert  beaker 
in  alkaline  hydrogen  peroxide.  Sodium  arsenate,  antimonate  and  stannate 
are  thereby  formed.  Boil  to  destroy  excess  of  hydrogen  peroxide,  concentrate 
on  a  water-bath,  and  transfer  to  a  500  c.c.  distilling  flask,  by  means  of  a 
thistle  funnel.  Rinse  the  vessel  out  with  strong  hydrochloric  acid,  add  the 
washings  to  the  flask,  mix  with  25  gms.  of  ferrous  ammonium  sulphate  (to 
reduce  to  the  -ous  state)  and  make  up  to  about  180  c.cs.  with  strong  hydro- 
chloric acid.  By  meads  of  an  adapter  the  flask  is  now  fitted  to  a  conical 
flask  as  a  receiver,  containing  400  c.-cs.  of  water,  and  inmiersed  in  a  large 
bowl  of  water  to  keep  it  cool.  (The  distillation  flask  should  now  be  in  an 
inclined  position.)  Into  the  distilling  flask  a  rapid  stream  of  hydrochloric 
acid  gas  is  now  passed  for  an  hour,  and  the  liquid  is  then  distilled  down  to 
50  c.cs.,  keeping  up  the  stream  of  gas.  The  arsenic  passes  over  as  trichloride, 
and  is  determined  in  the  distillate  as  sulphide  or  volumetrically.  The  solution 
in  the  flask  is  diluted  considerably,  the  sulphides  pptd.  by  hydrogen  sulphide. 
The  separation  is  best  effected  electrolytically,  but  it  may  be  carried  out  by 
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Hampe's  method  {Chem,  Zeit,,  18,  1900).  After  filtering  and  washing  they 
are  dissolved  in  warm  freshly-made  sodium  sulphide,  and  sodium  peroxide 
added  a  little  at  a  time  till  the  colour  of  the  liquid  is  discharged  and  oxygen 
comes  off.  Now  add  one-third  of  the  volume  of  90  %  alcohol,  filter  off  the 
sodium  metantimonate,  wash  it  with  alcohol,  dissolve  in  hydrochloric  and 
tartaric  acids,  and  ppt.  by  hydrogen  sulphide  in  the  usual  way.  The  tin  in 
the  filtrate  is  determined  by  evaporating  the  alcohol  on  a  water-bath,  just 
acidifying  with  dilute  sulphuric  acid  and  saturating  with  hydrogen  sulphide. 
Weigh  as  SnOg  as  already  described  on  p.  203. 

Note. — Alloys  seldom  contain  arsenic.  Antimony  and  tin,  however,  are 
frequently  met  with.  Separate  by  the  latter  portion  of  the  above  method, 
or  electrol3rtically. 

GROUP  III.  A. 

Iron  from  aluminiiim. — (1)  The  solution  of  the  chlorides  (iron  in  ferric 
state)  is  added  to  pure  2N  caustic  soda  in  a  silver  basin  (porcelain  may  be 
used).  If  the  iron  is  in  the  ferrous  state,  some  hydrogen  peroxide  should  be 
added  to  the  soda.  The  solution  should  finally  be  strongly  alkaline.  Boil, 
dilute  with  hot  water,  filter  and  wash  free  from  alkali.  Determine  the  alumi- 
nium in  the  filtrate  and  washings  by  acidifying  with  nitric  acid  and  pptg.  as 
A1(0H)3.  The  iron  ppt.,  which  will  be  contaminated  with  alkali,  is  dissolved 
in  dilute  hydrochloric  acid  and  pptd.  by  ammonia. 

(2)  A  far  quicker  and  better  way  is  to  ppt.  both  metals  by  ammonia,  ignite, 
weigh  and  fuse  with  KHSO4.  The  fusion  is  maintained  for  about  2  hours. 
The  melt  should  dissolve  clear  in  water.  Wash  the  crucible  and  lid  thoroughly 
and  add  the  washings  to  the  solution.  Make  up  to  a  known  volume,  reduce 
the  iron  and  determine  it  volumetrically  as  on  p.  248,  and  find  the  alumina 
by  difference. 

Iron  from  chromiiim. — The  solution  of  the  chlorides  is  poured  into  a  warm 
solution  of  caustic  soda  and  hydrogen  peroxide  in  a  silver  basin.  Boil,  dilute, 
filter  and  wash  free  from  chromate.  Reppt.  the  iron  as  above.  Acidify  the 
filtrate  with  acetic  acid  and  ppt.  as  barium  chromate  as  on  p.  193. 

Note, — If  sulphuric  acid  is  present  the  chromate  must  be  reduced  again 
by  boiling  with  alcohol  and  hydrochloric  acid  and  pptg.  the  hydroxide  as 
on  p.  193. 

Chromiiim  from  manganese  (v.  Knorre,  Zeit.  Anal.  Ch.,  1904,  [1]  43. — The 
solution,  free  from  iron,  is  rendered  acid  with  acetic  acid  by  almost  neutralising 
with  ammonia  (if  acid)  and  then  adding  ammonium  acetate.  The  mixture  is 
now  treated  with  some  excess  of  ammonium  persulphate,  when  the  manganese 
is  pptd.  as  MnOg  and  the  chromium  converted  to  chromate.  Carry  on  as 
usual. 

Chromium  from  alnminiiim. — If  the  filtrate  from  the  iron-chromium 
separation  contains  aluminium,  acidify  with  nitric  acid  and  ppt.  the  aluminium 
as  hydroxide.  The  filtrate  is  rendered  acid  with  acetic  acid  before  pptg. 
as  barium  chromate. 

Titaniiim  from  iron  and  aluniniiim. — In  analysing  rocks  the  iron  ppt. 
almost  always  contains  titanium  as  TiO(OH)2.    The  mixed  ppt.  (Group  III.  A.) 


Digitized  by 


Google 


212  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

is  dried  and  fused  with  excess  of  fusion  mixture  in  a  platinum  crucible.  The 
crucible  is  dipped  into  cold  water  whilst  still  hot  (so  that  no  water  enters)  and 
the  melt  is  thus  readily  detached.  It  is  extracted  with  cold  water  and  filtered. 
The  ferric  oxide  after  washing  is  dried,  the  filter  burnt  and  the  whole  dissolved 
in  hot  strong  hydrochloric  acid  and  the  iron  pptd.  in  the  usual  way. 

The  filtrate  contains  sodium  aluminate  and  titanate.  Render  just  acid 
with  hydrochloric  acid,  add  some  acetic  and  sulphuric  acid  and  boil  for  3  hours 
by  passing  in  steam  (this  avoids  evaporation).  The  ppt.  of  meta-titanic  acid, 
TiO(OH)2  is  filtered,  washed  and  ignited  wet.  Weigh  as  TiOj.  The  alumi- 
nium in  the  filtrate  is  determined  in  the  usual  way. 

Iron  from  manganese  {Spiegd-eiseny  etc.). — Group  III.  A.  ppt.  is  always 
contaminated  with  manganese  if  that  metal  is  present.  The*  separation  is 
carried  out  by  one  of  the  following  methods  ; 

(1)  Basic  acetate  method. — The  ppt.  of  ferric  hydroxide  containing  some 
MnO(OH)2  is  dissolved  in  hydrochloric  acid,  boiled  till  chlorine  is  expelled 
and  the  concentrated  solution  transferred  to  a  large  beaker.  Not  more 
than*  0'5  gm.  of  iron  should  be  present.  In  order  to  have  the  least  possible 
excess  of  acid  present  it  is  treated  with  sodium  carbonate  till  a  permi^nent 
ppt.  just  forms  and  this  is  redissolved  by  the  addition  of  a  few  drops  of  hydro- 
chloric acid.  Now  add  5  c.cs.  of  a  saturated  solution  of  ammonium  acetate, 
dilute  to  500  c.cs.  with  boiling  water,  and  boil  for  2  minutes.  Filter  whilst 
hot,  dissolve  the  ppt.  in  hydrochloric  acid  and  repeat. 

The  ppt.  =  Fe(OH)2(C2Hs02)  and  the  corresponding  aluminium  salt. 

Dissolve  in  hydrochloric  acid  and  carry  on  as  previously  described. 

The  combined  filtrates  and  washings  are  acidified  with  15  c.cs.  of  strong 
hydrochloric  acid,  evaporated  to  a  syrup,  diluted  with  water  and  the  manganese 
pptd.  by  ammonium  sulphide  and  determined  as  already  described. 

This  manganese  must  of  course  be  added  to  the  main  portion,  which  will  be 
obtained  in  the  usual  way  in  Group  III.  B. 

(2)  The  succinate  metiiod. — Group  III.  A.  ppt.  is  dissolved  in  hydrochloric 
acid,  evaporated  and  neutralised  as  before,  diluted  to  100  c.cs.  and  sodium 
succinate  added.  Filter  and  wash  with  cold  water.  The  filtrate  contains 
the  manganese.  The  ppt.  is  iron  succinate  (basic)  and  aluminium,  if  that 
metal  is  present. 

Treatment  in  the  presence  of  phosphoric  add. — ^Neither  of  the  methods 
described  in  "  Qualitative  Analysis  "  is  sufficiently  accurate  for  quantitative 
work  in  the  presence  of  all  bases,  but  the  following  cases  may  arise  : 

(1)  Group  in.  is  absent. — Employ  the  ferric  chloride  separation  described 
on  p.  167. 

(2)  Group  m.  is  present,  exoept  Cr  and  AL — Just  acidify  the  solution  with 
hydrochloric  acid,  add  3-5  gms.  of  tartaric  acid,  then  a  slight  excess  of  colour- 
less ammonium  sulphide.  The  solution,  which  is  contained  in  a  conical  flask 
of  200  c.cs.  capacity,  is  now  diluted  nearly  to  the  stopper  of  the  flask  with 
boiled  and  cooled  water,  corked  up  to  prevent  oxidation  and  set  aside  over- 
night. 

The  ppt.  contains  the  sulphides  of  Group  HI.,  the  filtrate  the  phosphoric  acid. 
The  tartaric  acid  prevents  the  pptn.  of  ferric  phosphate,  but  not  of 
chromium  and  aluminium. 
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(3)  Aluminium  ii  pteient. — Ppt.  Group  III.  A.  in  the  usual  way,  filter, 
wash,  ignite  and  weigh  the  ppt.  (Fe^Oj,  AI2O3,  P2O5). 

Determine  the  iron  volumetrically  after  fusion  with  KHSO4. 

Determine  the  PjOg  in  a  separate  portion  by  ppting.  Group  III.  A.,  filtering, 
washing,  dissolving  the  ppt.  in  nitric  acid  and  finding  the  P2O5  by  the 
molybdate  method. 

(4)  Any  bases  are  present  in  filtrate  from  Group  n.— Ppt.  the  P2O5  by 
ammonium  molybdate  as  described  on  p.  197. 

Evaporate  the  filtrate  with  sulphuric  acid  till  dense  fumes  of  the  vapour 
come  off.  Dilute,  after  cooUng,  with  water  (care  !)  and  a  little  hydrochloric 
acid.  Filter  from  any  BaS04  or  SrS04.  Saturate  with  hydrogen  sulphide 
in  a  small  pressure  flask,  stopper  it  up  and  warm  gently  on  a  water-bath  for 
several  hours. 

Ppt.^MoSj.  Filter  and  wash.  Reject  ppt.  Carry  on  as  usual  with  the 
filtrate. 

GROUP  III.  B. 

Separation  of  sine  from  nickel,  cobalt  and  manganese  (Zimmermann, 
Ann,  Ch.  Ph,,  1880,  226). — ^Add  sodium  carbonate  solution  to  the  slightly 
acid  solution  of  the  four  metals  till  a  permanent  ppt.  just  forms.  This  is  jtat 
redissolved  by  adding  dilute  hydrochloric  acid  dxopwise.  Then  add  8  drops 
of  4N  hydrochloric  add  and  10  c.cs.  of  20  %  ammonium  thio-cyanate.  This 
prevents  the  pptn.  of  nickel  and  cobalt  sulphides  and  at  the  same  time  stops 
the  formation  of  a  zinc  sulphide  hydrosol.  Now  saturate  with  hydrogen 
sulphide  at  70^  C,  cork  up  and  stand  overnight,  filter  off  the  zinc  sulphide 
and  wash  with  dilute  ammonium  thio-cyanate  containing  hydrogen  sulphide. 
Determine  the  zinc  sulphide  as  previously  described. 

The  filtrate,  freed  from  hydrogen  sulphide  by  gently  boiling  and  passing 
a  current  of  carbon  dioxide  through  the  boiling  liquid,  is  treated  with  sodium 
carbonate  till  a  permanent  ppt.  forms.  It  is  then  strongly  acidified  with 
acetic  acid  and  to  each  100  c.cs.,  5  c.cs.  of  saturated  ammonium  acetate  are 
added.  Heat  to  70°,  saturate  with  hydrogen  sulphide  and  filter  off  the  nickel 
and  cobalt  sulphides. 

The  manganese  in  the  filtrate  is  determined  by  one  of  the  methods  already 
described.  The  nickel  and  cobalt  are  separated  by  Liebig's  method  as 
follows. 

Nickel  from  Cobalt. 

1.  Liebig's  method. — The  ppt.  sulphides  are  dissolved  in  the  minimum 
of  aqua  regia  on  the  filter  (which  is  covered  with  a  clock-glass).  After  thor- 
oughly washing-  the  solution  into  a  basin,  and  rinsing  the  clock-glass  also, 
evaporate  it  d^  on  a  water-bath.  Dissolve  the  residue  in  water  and  add  a 
solution  of  pure  potassium  cyanide  till  the  ppt.  which  first  forms  redissolves. 
Gently  boil  for  a  few  minutes  till  the  colour  change  is  complete,  treat  with 
some  excess  of  pure  potash  and  then  add  bromine  water  till  no  more  ppt. 
(Ni(0H)3)  falls.  Boil.  The  solution  should  still  be  strongly  alkaline.  Dilute 
with  cold  water,  filter  and  determine  the  nickel  as  metal. 
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,  The  potassium  cobalticyanide  in  the  filtrate  and  washings  is  concentrated 
as  far  as  possible  on  the  water-bath,  and  the  residue  treated  with  a  little 
strong  sulphuric  acid,  covered  with  a  clock-glass  and  gently  warmed  till 
effervescence  ceases.  Then  continue  the  heating  till  fumes  of  sulphuric  acid 
come  off.  Cool  and  carefuUy  dilute  with  water,  rinse  the  clock-glass  into 
the  solution  and  ppt.  the  cobalt  with  alkali  and  bromine  water  in  the  usual 
way. 

2.  Hallett'8  method  (Eng,  Min.  J,,  1913,  857).  Forms :  Nickel  salt  of 
a-dimethyl  glyoxime,  NiC3Hi4N404.    Cobaltinitroso-j8-naphthol. 

The  solution  containing  both  nickel  and  cobalt,  freed  from  metals  of  Groups 
II.  and  III.  A.  by  the  usual  methods,  and  containing  ammonium  chloride,  is 
boiled  and  treated  with  a  1  %  solution  of  a-dimethyl  glyoxime  in  98  % 
alcohol  till  no  further  pptn.  takes  place.  Render  alkaline  with  ammonia, 
set  aside  for  half  an  hour,  filter  through  a  Grooch  crucible  and  wash  with 
hot  water  containing  a  little  ammonia.  Dry  at  115**-120**  to  constant  weight 
and  weigh  as  NiC3Hi4N404  containing  2033 %  of  nickel. 

Note, — a-diphenyl-glyoxime  may  be  used,  giving  more  aoourate  results.  The  product 
is  NiOttH,sN404  contauung  10-93  %  of  nickel    Diy  at  110"*. 

The  filtrate  and  washings  containing  the  cobalt  are  evaporated  with 
sulphuric  acid  till  thick  white  fumes  come  off.  The  organic  matter  is  thus 
destroyed.  Allow  to  cool,  add  dilute  hydrochloric  acid  (care !)  and  warm 
till  the  solution  is  clear.  At  50*^  C.  add  a  warm  solution  of  nitroso-j8-naphthol 
in  50  %  acetic  acid  till  no  more  ppt.  falls.  Set  aside  on  the  hot-plate  for  an 
hour.  Filter  and  wash  with  (a)  dilute  hydrochloric  acid,  (6)  hot  water.  Ignite 
in  the  usual  manner  and  weigh  as  C03O4. 

GROUP  IV. 

Separation  of  barium  from  stroniiiim  or  ealoium. — The  barium  is  pptd. 
as  BaCr04  from  solutions  acid  with  acetic  acid.  Ammonium  chromate  is  the 
best  precipitant,  and  may  be  made  by  adding  ammonia  to  anmiOnium  dichro- 
mate  and  boiling  off  any  excess  of  ammonia.  The  solution  should  not  be 
alkaline. 

Separation  of  barium,  stroniiiim  and  ealoium  (Eawson,  Chem,  News,  1897, 
May  2l8t). — The  nitrates  of  the  three  metals  are  evaporated  dry  on  the  water- 
baUi  and  treated  with  strong  nitric  acid.  Stir  thoroughly,  allow  to  settle  and 
pour  through  a  filter  moistened  with  strong  nitric  acid.  Repeat  two  or  three 
times,  and  finally  bring  the  residue  on  to  the  filter  and  wash  with  nitric  acid 
till  the  washings  no  longer  show  the  calcium  flame. 

The  filtrate  contains  calcium  nitrate.  Evaporate  on  the  water-bath  and 
determine  the  calciimi  by  conversion  to  sulphate. 

The  residue,  consisting  of  barium  and  strontium  nitrates,  is  dissolved  in 
water,  diluted  considerably,  rendered  alkaline  with  ammonia  and  acid  with 
acetic  acid,  and  the  barium  determined  as  BaCr04.  The  strontium  in  the 
filtrate  is  determined  as  SrS04. 
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GROUP  V. 

Mftgn^wwi  is  separated  from  the  other  members  of  the  group  by  the 
method  of  its  determination.  It  will  usually  be  necessary  to  evaporate  dry 
and  drive  ofE  the  excess  of  ammonium  salts  that  have  accumulated  during  the 
analysis,  or  the  ppt.  of  MgNH4P04,  GH^O  will  be  contaminated  as  already 
described  on  p.  196. 

The  separation  of  potaasiiim  has  akeady  been  described,  p.  206-7. 

Idihiiim  from  BOdium  and  potassinm.  Rammdsberg'a  method,  modified  by 
TreadtoeU, — The  mixed  chlorides  are  evaporated  on  the  water-bath  in  a 
conical  flask  through  which  a  current  of  air  is  passed.  When  dry  the  flask 
is  heated  to  140°  in  an  oil-bath,  meanwhile  passing  a  current  of  dry  hydro- 
chloric acid  gas.  This  finally  dehydrates  the  mixture  whilst  preventing  the 
formation  of  lithium  hydroxide. 

The  residue  is  now  treated  with  a  mixture  of  alcohol  and  ether  saturated 
with  hydrochloric  acid  gas,  and  the  flask  stoppered  and  frequently  shaken 
during  12  hours.    Filter  and  wash  the  residue  with  ether-alcohol. 

The  filtrate  contains  lithium  chloride.  The  residue  is  the  remaining 
chlorides.  Evaporate  the  filtrate,  and  convert  the  chloride  to  sulphate,  in 
which  form  it  is  weighed. 

Ammonium  is  always  determined  volumetrically  with  the  original  sub- 
stance. , 

Treatment  of  insolnble  bodies. — Substances  likely  to  be  met  with  are : 

Bauxite,  Alfi^,  containing  Ve^O^. 

Chromite,  FeO,  Cijdz- 

Fluorspar,  CaFg. 

Cryolite,  NaaAlF,. 

Many  silicates,  as  felspar,  mica,  etc. 

Clay,  aluminium  hydrogen  silicate,  usually  containing  iron  and  some 
alkalis. 

All  these  substances  must  be  reduced  to  a  very  fitie  powder  in  an  agate 
mortar  before  weighing  out. 

Bauxite  is  fused  with  KHSO4.  The  melt  should  dissolve  clear  in  water, 
unless  silica  is  present. 

Chromite  should  be  fused  in  a  platinum  crucible  with  six  times  its  weight  of 
a  mixture  of  5  parts  of  fusion  mixture  and  1  part  of  potassium  nitrate.  The 
melt  is  extracted  with  bpiling  water,  and  filtered  from  the  ferric  oxide,  which 
is  dissolved  in  strong  hydrochloric  acid. 

The  filtrate  contains  chromates  of  sodium  and  potassium.  Cautiously 
acidify  with  acetic  acid,  filter  if  necessary  and  determine  as  BaCrO^. 

Fluorspar  and  cryolite  may  be  converted  to  sulphates  by  gently  heating 
with  strong  sulphuric  acid.  When  all  hydrofluoric  acid  is  removed  heat  till 
thick  fumes  of  sulphuric  acid  come  ofl,  allow  to  cool,  cautumsly  dilute  with 
water  and  hydrochloric  acid,  boil.  Filter  from  any  BaSO^  and  carry  on  in 
the  usual  manner. 

Insoluble  silicates  are  fused  with  six  times  their  weight  of  fusion  mixture 
in  a  platinum  crucible.  Extract  the  melt  with  water,  cautiously  acidify  strongly 
with  hydrochloric  acid  and  evaporate  dry  on  the  water-bath.    Moisten  the 
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residue  thoroughly  with  strong  hydrochloric  acid,  and  dry  again  at  110^. 
Extract  with  cold  water  just  acidified  with  hydrochloric  acid,  filter,  wash  and 
ignite  the  silica  wet.  Weigh  as  SiO,.  Carry  on  with  the  filtrate  in  the  usual 
manner. 

The  alkalis  in  insoluble  silicates  obviously  cannot  be  found  by  this  method. 
The  simplest  and  best  method  is  that  of  Lawrence  Smith. 

About  0*5  gm.  of  the  finely  powdered  mineral  is  mixed  intimately  in  an 
agate  mortar  with  05  gm.  of  pure resublimed ammonium  chloride  and  3  gms. 
of  pure  pptd,  calcium  carbonate.  Transfer  this  to  a  platinum  crucible  by 
means  of  a  funnel  of  glazed  paper  and  a  feather  or  brush,  and  wash  out  the 
mortar  with  another  gram  of  calcium  carbonate,  which  is  also  transferred  to 
the  crucible.  The  covered  crucible  is  now  very  gerUly  heated  till  no  more 
amnumia  comes  off.  (No  ammonium  chloride  fumes  should  be  evolved,  or 
the  heat  is  too  strong.)  Then  gradually  raise  the  temperature  till  the  lower 
half  of  the  crucible  is  a  dull  red.  The  upper  half  should  not  be  too  hot.  This 
temperature  is  maintained  for  an  hour.  Allow  to  cool.  Extract  with  80  c.cs. 
of  water  in  a  basin  and  warm  gently  till  all  the  contents  of  the  crucible  and  lid 
have  been  detached.    Rinse  the  crucible  and  lid. 

We  have  now  the  lime  and  silica  in  an  insoluble  form  (also  the  other  bases 
present),  the  alkalis  as  chloride,  and  some  calcium  chloride  formed  by  the 
reaction.    Filter  and  wash  well.    Reject  the  residue. 

To  the  filtrate  and  washings  in  a  basin  add  pure  anmionium  carbonate ; 
evaporate  (without  filtering)  to  about  40  c.cs.,  add  a  little  more  anmionium 
carbonate  and  a  few  drops  of  ammonia  and  filter.  Receive  filtrate  and 
washings  in  a  weighed  platinum  basin,  evaporate  dry  and  heat  very  gently 
to  drive  off  ammonium  salts,  finally  heating  nearly  to  redness.  Allow  to  cool 
in  a  desiccator  and  weigh  as  quickly  as  possible  (LiCl,  if  present,  is  very  deli- 
quescent). 

Separate  as  already  described. 
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GROUP  I. 

The  determination  of  the  halogen  acids  has  been  described  in  Chapter  II. 

Hydxoeyanic  add.  As  AgCN. — ^Ppt.  exactly  as  described  for  hydrochloric 
acid.  Do  not  have  the  solution  very  strongly  acid  with  nitric  acid.  Either 
weigh  the  ppt.  on  a  tared  filter  after  dry- 
ing at  100^,  or  ignite  to  metallic  silver 
(with  free  access  of  air). 

Hydrofralphurio  add,  H^.  As  BaS04. 
(a)  As  free  HgS  or  soltMe  alkali  sulphide. 

(1)  Oxidise  by  treatment  with  am- 
moniacal  hydrogen  peroxide.  Heat  slowly 
to  boiling  and  ppt.  the  sulphate  as  BaS04 
after  acidification. 

(2)  Ppt.  as  CdS  by  adding  cadmium 
acetate.  Oxidise  the  CdS  by  strong  nitric 
acid  and  boil  well.*  Ppt.  as  BaS04. 

(b)  As  sulphide  sohMe  in,  dUuie  acid. 
The  H^  is  evolved  in  the  apparatus 

shown  in  Fig.  46,  and  passed  into  am- 
moniacal  hydrogen  peroxide,  contained 
in  a  Volhard  absorption  flask.  Before 
adding  acid,  air  is*  swept  out  of  the  flask 
by  a  stream  of  carbon  dioxide.  The  tap 
is  closed,  the  absorption  tube  connected 
up  and  the  acid  (hydrochloric)  put  into 
the  funnel.  After  decomposition  is  com- 
plete just  raise  to  a  boil  and  sweep  out 
all  H^  by  a  stream  of  COj.  Ppt.  as  BaS04  after  rinsing  out  the  absorption 
tube  and  acidifying. 

(c)  The  sulphide  is  insoluble. 

(1)  Bodonaim's  method  (dry  oxidation). — Fuse  with  12  times  its  weight 
of  a  mixture  of  6  parts  of  fusion  mixture  and  1  part  of  potassium  chlorate. 
Heat  gently  at  first,  then  more  strongly  till  no  more  oxygen  is  evolved.  Ex- 
tract the  melt  with  water,  filter  and  wash  ;  acidify  filtrate  and  washings  with 
hydrochloric  acid  and  ppt.  the  sulphate  as  BaS04. 
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(2)  Lunge's  method  (wet  oxidation). — The  very  finely-ground  mineral  is 
treated  in  a  300  c.c.  covered  beaker  with  a  mixture  of  3  volumes  of  strong 
nitric  and  one  of  strong  hydrochloric  acid,  warming  gently  if  necessary  to 
start  the  action. 

Any  sulphur  deposited  is  dissolved  by  adding  a  little  potassium  chlorate. 

BoU,  transfer  to  a  basin,  evaporate  dry  on  water-bath,  treat  with  very 
dilute  hydrochloric  acid  and  filter  if  much  insoluble  matter  is  present. 

l^ow  free  the  liquid  from  iron  by  first  making  strongly  alkaline  with 
ammonia  and  then  raising  to  the  boil.  (Treadwell  states  that  this  avoids 
the  formation  of  an  insoluble  basic  ferric  sulphate.)  Filter  and  wash  ;  con- 
centrate to  about  250  c.cs.  (if  necessary)  and  ppt.  with  barium  chloride. 

GROUP  IL 

Hypoi^osphoroiis  acid. — (1)  Oxidise  by  adding  5  c.cs.  of  fuming  nitric  acid 
for  every  0*5  gm.  of  substance  dissolved  in  100  c.cs.  of  water.  Evaporate  to 
a  small  volume  on  the  water-bath,  repeat  with  a  few  drops  of  nitric  add  and 
determine  the  phosphoric  acid  thus  formed. 

(2)  The  solution,  rendered  acid  with  hydrochloric  acid  to  set  free  phos- 
phorous acid,  is  treated  with  excess  of  mercuric  chloride  solution  and  left 
overnight  in  a  warm  place.  Filter  the  pptd.  mercurous  chloride  through  a 
Gooch  crucible  or  tared  filter  and  dry  at  110®. 

H3PO2  +  4Hga,  +  2H,0 = 2Hg,Cl2  +  H8PO4  +  4Ha. 
Hence  2Hg2Cl2=H8POj. 

GROUP  m. 

Pho^phoroiis  add. — Similarly  to  method  (1)  for  h3rpophosphorous  acid. 

Snlphmoiis  add. — Oxidise  to  sulphuric  acid  by  treatment  with  bromine 
water  or  ammoniacal  hydrogen  peroxide  and  determine  as  BaS04. 

Borio  add  (RoserMadt-Q^och  method,  ZeU.f,  and,  Chem.,  xxvi.,  18,  364).— 
The  boric  acid  is  distilled  as  methyl  borate,  saponified  by  lime  and  the  residue 
of  calcium  borate  heated.    The  gain  in  weight  =  B^Oj. 

Heat  about  a  gram  of  pure  quicklime  in  a  crucible  over  the  blowpipe 
to  constant  weight.  Transfer  it  to  a  conical  flask  and  put  the  crucible  (with 
any  lime  adhering  to  it)  in  a  desiccator. 

Shake  the  lime  in  the  flask  with  a  little  water  and  connect  up  as  shown 
in  Fig.  47. 

The  aqueous  solution  of  the  borate,  which  must  not  contain  more  than 
0*2  gm.  B2O3,  is  just  acidified  with  acetic  acid,  litmus  being  added  as  an 
indicator. 

This  is  run  into  the  retort  and  the  funnel  washed  several  times  with  2  c.cs. 
of  water.  Distil  off  the  liquid  into  the  b*me  flask  by  immersing  the  retort 
in  an  oil-bath  at  130°.  Allow  the  retort  to  cool  by  removing  the  bath,  add 
10  c.cs.  of  pure  methyl  alcohol  and  again  distil  off.  Repeat  six  times,  acidify- 
ing the  contents  of  the  retort  if  they  become  alkaline. 

The  contents  of  the  receiver  after  thorough  shaking  and  standing  aside  are 
transferred  to  a  basin  and  evaporated  dry  on  a  water-bath  without  dmUttion, 
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or  boric  acid  will  be  lost.  Ignite  gentjy  to  destroy  any  acetate  formed. 
Transfer  to  the  original  crucible  (dissolving  the  last  traces  off  in  dilute  nitric 
acid).  Evaporate  dry  on  water-bath.  Ignite  gently  at  first,  afterwards  to 
constant  weight. 

Boric  acid  in  minerals,  enamels,  glass,  etc.,  is  obtained  by  fusing  with  six 
times  its  weight  of  fusion  mixture  in  a  platinum  crucible,  extracting  the  melt 
with  water,  filtering,  washing  and  evaporating  the  filtrate  and  washings  to  a 
small  volume.     Then  treat  as  above. 

Boric  acid  in  mineral  waters  (soffioni,  etc.)  is  also  done  in  this  manner 
after  rendering  alkaline  a  large  volume  of  the  water  and  evaporating  to  small 
volume.     Remember  that  free  boric  acid  is  volatile  with  steam. 


^^ 


FlO.  47. 


Fig.  4S. 


Thiosnlphurio  add. — ^Estimated  by  oxidation  to  sulphuric  acid  with 
ammoniacal  hydrogen  peroxide.  ^ 

Nitric  acid.  (1)  Lunge's  method, — Owing  to  the  solubility  of  all  nitrates 
there  is  no  gravimetric  method.  The  simplest  and  most  easily  performed 
method  is  by  using  the  Lunge  nitrometer  (Fig.  48).  The  nitric  acid  is  reduced 
to  nitric  oxide  by  mercury,  and  the  volume  of  iNO  measured. 

An  amount  of  nitrate  sufficient  to  give  between  100  and  120  c.cs.  of  NO 
is  weighed  out,  and  placed  in  the  funnel  of  the  nitrometer.  The  bulb  and  the 
bore  of  the  tap  have  previously  been  filled  with  mercury  by  raising  the  levelling 
tube  and  opening  the  tap.  It  is  now  treated  with  a  few  drops  of  water  and 
drawn  into  the  bulb  by  lowering  the  levelling  tube  and  cautiously  opening  the 
tap.  Care  must  be  taken  not  to  draw  any  air  into  the  btdb.  Rinse  out  the 
funnel  with  two  lots  of  0*5  c.c.  of  water,  drawing  each  into  the  bulb  as  before, 
and  then  draw  in  two  lots  of  7  c.cs.  each  of  strong  sulphuric  acid. 

Now  hold  the  measuring  tube  by  the  top  and  bottom,  with  the  thumb 
on  the  tap  to  prevent  it  from  falling  out,  and  shake  gently  so  as  to  bring  the 
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liquid  into  intimate  contact  with  the  mercury.     Do  not  touch  the  hulth  with 
the  hand. 

After  2  minutes  shaking  allow  to  stand  for  5  minutes,  read  the  volume 
after  adjusting  the  mercury  levels,  and  repeat  the  shaking  for  another  minute 
to  see  if  the  action  is  complete.  Leave  for  another  5  minutes  and  then  adjust 
to  atmospheric  pressure  as  follows.  Mercury  has  a  S.6.  of  13*6,  or  about 
seven  times  that  of  the  sulphuric  acid  in  the  bulb.  Read  the  height  of  the 
sulphuric  acid  colunm  in  mms.,  divide  this  by  7,  and  raise  the  mercury  in  the 
levelling  tube  to  this  height  above  the  mercury  in  the  measuring  tube.  The 
levelling  tube  is  usually  graduated  in  mms.  to  facilitate  this. 


FIO.  40. 

Read  the  volume  of  NO,  the  temperature  of  the  room,  and  the  barometer. 
Reduce  the  volume  to  N.T.P.,  and  calculate  the  weight  of  nitric  acid 
produced. 

From  the  equation 

6Hg  +  2HNO3  +  3H2SO4  =  2N0  +  4H2O  +  SHggSO^ 
we  see  that  N0  =  HN03 

3001  =  6302, 

and  a  litre  of  dry  NO  weighs  13419  gm.  at  N.T.P. 

(2)  Schldsing's  method^  modified  by  Grandeau  and  by  Wagner, — When  a 
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nitrate  is  added  to  an  acid  solution  of  a  ferrous  salt,  it  is  wholly  reduced  to 
nitric  oxide.    Air  must  of  course  be  entirely  excluded. 

The  apparatus  is  shown  in  Fig.  49. 

A  flask  of  250  c.cs.  capacity  is  fitted  with  a  rubber  stopper  as  shown. 
(The  funnel  tube  should  be  drawn  out.) 

Run  into  the  flask  about  40  c.cs.  of  a  40  %  solution  of  ferrous  chloride 
(which  can  be  made  by  dissolving  wire  nails  in  strong  hydrochloric  acid) 
and  40  c.cs.  of  -strong  hydrochloric  acid  (2  vols,  pure  acid :  1  vol.  water). 
The  bore  of  the  tap  and  the  tube  ofthefunnd  must  remain  fUed  with  this  solution. 
The  contents  of  the  flask  are  now  boiled  till  all  air  is  expelled,  meanwhile 
allowing  cold  water  to  circulate  through  the  trough.  When  air  is  all  displaced 
(test  with  a  test-tube  filled  with  water)  invert  a  measuring  tube  full  of  water 
over  the  delivery  tube.  A  small  quantity  of  solution  of  weighed  amount  of 
nitrate  is  placed  in  the  funnel  and  run  drop  by  drop  into  the  boiling  ferrous 
chloride.  When  nearly  all  has  run  in,  close  the  tap,  put  20  c.cs.  of  the  hydro- 
chloric acid  into  the  funnel  and  run,  into  the  flask.  Repeat  this.  No  air 
bubbles  must  be  allowed  to  get  into  the  flask.  Continue  the  boiling  till  the 
nitric  oxide  has  all  been  carried  over.  Remove  the  measuring  tube  from  the 
delivery  tube  and  fix  it  in  a  clamp.  After  standing  for  5  minutes  lower  it 
into  the  trough  till  the  water  levels  inside  and  outside  are  the  same  and  read 
the  volume  of  gas.  Reduce  to  N.T.P.  (remembering  that  it  is  saturated 
with  water  vapour)  and  calculate  as  before. 

Chloric  add. — Chlorates  are  reduced  to  chloride  by  boiling  for  15  minutes 
with  10  %  ferrous  sulphate  solution.  The  liquid  is  then  treated  with  sufficient 
nitric  acid  to  dissolve  the  basic  ferric  sulphate  and  pptd.  with  silver  nitrate. 

In  presence  of  chloride  (usually  the  case)  the  chloride  chlorine  is  estimated 
in  a  separate  sample,  then  the  total  chlorine  after  reduction.  The  difference 
is  the  chlorate  chlorine. 

Perchloric  acid. — The  salt  is  mixed  with  four  times  its  weight  of  pure 
ammonium  chloride  and  gently  ignited  in  a  platinum  crucible.  Determine 
the  chlorine  in  the  residue  as  silver  chloride. 

Silicic  add.  SiUcon. — The  determination  of  silica  in  silicates  has  been 
described  on  p.  215. 

Determination  of  siHoon  in  iron  and  steeL — ^Not  less  than  5  gms.  of  the 
turnings  (which  have  been  freed  from  oil  by  washing  with  ether)  are  weighed 
into  a  beaker  and  treated  with  50  c.cs.  of  a  mixture  of  3  vols,  nitric  acid,  1  vol. 
hydrochloric  acid,  J  vol.  water,  and  the  beaker  at  once  covered.  Warm  gently 
on  the  hot-plate  in  draught-cupboard  till  action  starts,  then  remove  to  a  cool 
part  of  the  plate.  When  completely  dissolved  boil  gently  on  the  hot-plate 
and  then  transfer  to  a  basin,  rinsing  the  beaker  and  cover  into  the  basin  also. 
Evaporate  dry  on  a  sand-bath  with  gentle  heat  and  constant  stirring,  and 
heat  gently  when  quite  dry  to  decompose  the  ferric  nitrate  and  to  dehydrate 
the  sUicic  acid  formed  from  the  iron  silicide.  (Unless  the  stirring  has  been 
sufficiently  vigorous  to  prevent  the  mass  from  caking,  the  basin  will  break 
during  ignition.)  The  phosphide  will  now  be  in  the  form  of  phosphate, 
sulphide  as  sulphate. 

Allow  to  cool,  treat  with  50  c.cs.  of  strong  hydrochloric  acid,  stir  thoroughly 
and  heat  to  90°  for  some  time.    Everything  now  dissolves  except  silica  and 
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graphite.  Evaporate  on  the  toater-bathy  moisten  the  residue  with  strong 
hydrochloric  acid,  dry  again,  again  moisten  with  hydrochloric  acid  and  set 
aside  for  half  an  hour.  Dilute  with  150  c.cs.  water,  boil,  filter  off  the  silicic 
acid,  wash  it  and  ignite  it  wet.    Weigh  as  SiOj. 

Note, — If  the  silica  is  pink,  it  contains  ferric  oxide.  If  it  is  grey  it  contains 
graphite. 

In  the  first  case  fuse  with  fusion  mixture.  In  the  second  case  fuse  with 
fusion  mixture  and  potassium  nitrate.  Dissolve  the  melt  in  water,  acidify 
strongly  with  hydrochloric  acid,  evaporate  on  the  water-bath  and  treat  as 
before.     (Remember,  two  filter  ashes.) 

Determination  of  phosphoms. — It  is  usual  to  determine  the  phosphorus  in 
the  same  operation.  The  filtrate  from  the  silica  will  contain  it  as  phosphoric 
acid.  It  is  evaporated  dry,  dissolved  in  the  minimum  of  nitric  acid  and  pptd. 
by  Woy's  method,  page  197. 

Hydrofluoric  aeid.  Penfidd's  method, — The  fluoride  is  mixed  with  ten 
times  its  weight  of  finely  powdered  and  ignited  quartz  and  decomposed  in 
a  flask  fitted  with  tap-funnel  and  delivery  tube  by  heating  with  strong  sul- 
phuric acid.  The  silicon  tetrafluoride  evolved  is  "  scrubbed  "  by  passing 
through  a  calcium  chloride  tube  filled  with  dry  glass-wool,  and  then  through 
two  U-tubes  each  containing  20  c.cs.  of  potassium  chloride  solution  in  50  % 
alcohol.  The  fluo-silicic  acid  produced  by  the  contact  of  the  fluoride  with 
water  is  decomposed  thus  by  the  potassium  chloride 

2Ka  +  HgSiPe = 2Ha  +  K^SiFe- 

Finally  aspirate  air  through  the  apparatus  and  titrate  the  contents  of  the 

N 
U-tubes  with  =-  caustic  soda,  using  litmus  or  lacmoid  as  indicator.     (See 

Volumetric  Analysis.) 

From  the  above  equation  it  is  seen  that  2HC1  =  6F. 
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PART  II. 
ELECTROLYTIC  METHODS. 

The  electrolytic  determination  of  the  metals  is  not  only  very  convenient 
as  the  experiment  can  be  started  overnight  and  the  weighings  made  next 
morning,  but  has  been  brought  to  a  high  degree  of  accuracy.     The  difficulties 
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to  be  overcome  are  chiefly  in  the  direction  of  finding  suitable  solutions,  potential 
differences  and  current  densities  which  give  a  firm  coherent  deposit  of  metal 
in  a  quantitative  manner.  Unfortunately,  in  many  cases,  conditions  which 
give  a  good  deposit  lack  accuracy,  and  vice  versa, 
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Nevertheless  these  difficulties  have  been  overcome  by  the  work  of  many 
experimenters,  notably  Classen,  F.  M.  Perkin,  and  many  American  chemists. 
The  convenience  lies  in  the  fact  that  there  are  no  tiresome  filtrations  and 
washing  of  ppts. ;  moreover,  separations  can  readily  be  effected  by  a  suitable 
alteration  in  the  E.M.F.  applied,  and  metals  can  be  deposited  one  after  the 
other. 

There  are  now  numerous  devices  and  refinements  which  very  considerably 
shorten  the  time  necessary  for  an  analysis,  so  that  the  determination  of  a 
metal  can  be  accomplished  in  far  less  time  and  with  as  high  a  degree  of  accur- 
acy, as  by  the  usual  pptation.  methods.  Chief  amongst  these^was  the  intro- 
duction of  the  rotating  electrode,  the  electrode 
on  which  the  deposit  was  to  be  made  being 
caused  to  rotate  during  the  whole  experiment. 
This  stirs  the  solution  and  considerably  shortens 
the  time  necessary  for  the  deposition. 

Text-books  on  the  subject  should  be  con- 
sulted for  the  full  description  and  use  of  these. 
We  shall  here  content  ourselves  with  describ- 
ing a  few  determinations  that  can  be  readily  and 
accurately  carried  out  with  simple  apparatus. 
The  chief  necessities  are  a  platinum  basin 
of  about  180  CCS.  capacity,  as  the  container  and 
cathode,  and  a  flat  spiral  of  thick  platinum 
wire  as  anode.  A  special  stand,  fitted  with 
terminals  and  platinum  contacts  for  the  basin 
is  also  required  (see  Fig.  50  a). 

For  some  of  the  determinations  described 
the  "flag"  electrode  is  preferable.  This  is  a 
flag-shaped  piece  of  apparatus  of  platinum 
gauze  in  a  stout  frame,  also  of  platinum,  and 
a  wire  to  support  it  (see  Fig.  50  b). 

The  other  necessaries  are  :  a  suitable  source 
of  current  (accumulator  batteries  charged  from 
the  town  mains  are  best),  a  variable  resistance, 
the  type  with  some  form  of  sliding  contact  being  the  most  accurate,  and  a 
voltmeter  and  ammeter,  each  reading  up  to  5  units  in  tenths. 

The  connections  will  be  readily  understood  from  Fig.  51.  It  is  convenient 
to  arrange  both  ammeter  and  voltmeter  with  a  switch  so  that  they  can  be 
thrown  in  and  out  of  circuit,  and  current  need  not  therefore  pass  through 
them  during  the  whole  experiment,  but  only  when  necessary  to  take  readings. 
The  resistance  is  for  the  small  adjustments  of  P.D.  which  may  be  necessary 
at  the  terminals  of  the  electrol3rtic  cell. 

The  two  most  important  factors  in  determinations  are  current  density 
(CD.)  and  E.M.F. 

Current  density  is  defined  as  amp^es  per  sq.  decimeter  of  cathode  surface. 
In  all  the  following  experiments  the  volume  of  the  solution  should  be 
made  up  to  120  c.cs.    The  surface  area  of  the  basin  in  contact  with  this 
volume  of  liquid  can  be  calculated  once  for  all. 
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The  following  points  are  of  great  importance : 

1.  The  deposit  of  metal  on  the  basin  must  be  kept  covered  with  the  solu- 
tion during  the  whole  experiment.  If  the  cell  gets  hot  evaporation  will  take 
place  and  the  deposit  that  is  thus  uncovered  wiU  surely  be  spoiled. 

2.  A  test  is  usually  necessary  as  to  when  the  experiment  is  finished.  This 
is  most  easily  done  by  withdrawing  two  or  three  drops  with  a  pipette  and 
testing  for  the  substance  in  question  by  any  sensitive  qualitative  test  already 
described. 

3.  Breaking  the  circuit  is  frequently  not  permissible  so  long  as  the  deposit 
is  in  contact  with  the  electrolyte.  This  is  especially  the  case  when  solutions 
containing  nitric  acid  are  being  electrolysed,  as  the  moment  the  current  ceases 
to  flow  the  acid  exerts  a  solvent  action  on  the  deposit.  In  such  cases  as 
these,  distilled  water  should  be  allowed  to  run  into  the  basin  from  a  large 
separating  funnel  on  one  side,  and  a  small  syphon  on  the  other  side  carries 
away  the  electrolyte  at  the  same  rate.  This  goes  on  until  the  current  almost 
ceases,  when  the  circuit  may  be  broken. 

4.  Washing  and  drying  the  deposit  should  be  carried  out  the  moment  the 
circuit  is  broken.  Distilled  water  is  used,  followed  by  absolute  alcohoL 
{Industrial  methylated  spirit  distilled  from  caustic  soda  and  then  again  from 
quicklime  may  be  used,  but  not  ordinary  methylated  spirit,  which  contains 
parafi&n.)  The  final  drying  may  be  done  in  the  steam  oven  unless  otherwise 
stated.    (This  usually  takes  only  a  few  minutes.) 

The  conditions  in  the  following  experiments  are  suitable  for  all-night  or 
all-day  determinations. 

The  E.M.P.  given  is  that  between  the  terminals  of  the  electrolytic  cell. 
In  no  case  should  the  E.M.P.  employed,  nor  the  CD.  difier  from  the  figures 
given  by  more  than  a  tenth  of  a  unit. 

Silver. — For  every  cram  of  silver  salt  add  4  gms.  of  purest  potassium 
cyanide  and  120  c.cs.  of  water.    CD.  0*3  amp. ;  E.M.P.  3*5  volts. 

Wash  as  described  and  dry  at  100°  C 

Lead. — ^Lead  is  determined  as  PbO^  on  the  anode,  and  must  be  in  the  form 
of  nitrate. 

Dissolve  about  1  gm.  in  water,  add  25  c.cs.  of  concentrated  nitric  acid  and 
dilute  to  120  c.cs.    The  basin  of  course  is  made  the  anode  in  this  determination. 
CD.  0-75  amp. ;  E.M.P.  22  volts. 
Wash  by  syphon.    Dry  at  200**. 

Mercury. — ^A  "  flag  "  electrode  is  best.  The  area  may  be  reckoned  as  if 
it  were  made  of  metal  foil  instead  of  gauze.  (Remember  that  both  sides  are 
used.)  A  convenient  size  usually  supplied  has  an  area  of  half  a  square  decimetre. 

About  a  gram  of  the  salt  is  dissolved  in  water,  1-2  c.cs.  of  concentrated 
sulphuric  acid  added,  and  the  volume  made  up  to  120  c.cs.  CD.  0'6  amp. ; 
E.M.F.  3-5  volts. 

Syphon  washing  is  unnecessary.  Break  the  circuit  when  the  electrolysis 
is  complete  and  quickly  pour  out  the  liquid  and  wash  with  cold  distilled 
water.  Do  not  use  alcohol,  which  will  spoil  the  deposit,  nor  heat,  which  will 
volatilise  mercury.    Dry  in  a  desiccator. 

Insoluble  mercury  compounds  and  organic  preparations  may  be  electro- 
lysed by  adding  potassium  cyanide  to  the  suspension  in  water. 
16 
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It  is  better  in  the  case  of  organic  preparations  containing  mercury  to  heat 
them  with  a  very  little  concentrated  nitric  acid  and  then  to  dilute  and  add 
the  cyanide.  Employ  about  a  gram  of  the  compound  and  about  4  gms.  of 
pure  cyanide. 

Copper. — ^About  a  gram  of  the  salt  is  dissolved  in  water,  12  c.cs.  of  strong 
nitric  acid  are  added,  and  the  whole  is  diluted  to  120  c.cs.  CD.  03  amp. ; 
E.M.F.  2-5  volts. 

Wash  with  syphon  and  break  circuit  when  the  acid  is  washed  away. 
Wash  with  water  and  then  alcohol.    Dry  at  100°. 

Tin. — Dissolve  about  1  gm.  in  water  and  add  yeUow  ammonium  sulphide 
till  the  ppt.  first  formed  redissolves.  Dilute  to  120  c.cs.  Neglect  any  ppt. 
of  sulphur,  which  can  be  removed  from  the  final  deposit  with  a  "  policeman  '* 
or  a  camel-hair  brush.    CD.  1  amp. ;  E.M.F.  3*5  volts. 

NiokeL — The  salt  employed  is  nickel  ammonium  sulphate  in  ammoniacal 
solution.  Nitric  acid  and  nitrates  must  be  absent.  If  present  they  are 
removed  by  evaporating  with  dilute  sulphuric  acid  till  thick  white  fumes 
come  off. 

Employ  about  1  gm.  of  the  salt,  5  gms.  of  ammonium  sulphate,  35  c.cs.  of 
•880  ammonia,  and  make  up  to  120  c.cs.  with  water.  CD.  0*5  amp. ;  E.M.F. 
3  volts. 

Cobalt— Similarly  to  nickel.    CD.  0*4  amp. ;  E.M.F.  3  volts. 

SEPARATIONS. 

Copper  from  silver  (sterling  silver,  etc.). — ^Dissolve  the  salt  in  water  and 
add  nitric  acid  exactly  as  for  copper.  Electrolyse  with  CD.  0*3  amp. ; 
E.M.F.  1-3  volts  and  no  higher. 

A  deft  manipulator  can  break  the  circuit,  pour  out  the  liquid  and  wash 
quickly  before  the  silver  deposit  is  affected.  Otherwise  the  solution  must 
be  evaporated  to  a  suitable  volume.  Remember  to  add  the  toashings  to  the 
rest  of  the  electrolyte, 

Aiter  weighing  the  silver  the  copper  may  be  deposited  by  increasing  the 
voltage  to  2*5. 

Copper  from  nickel  (coinage,  etc.). — The  nitric  acid  solution  prepared  as 
described  under  copper  is  employed.  The  copper  is  first  deposited  exactly  as 
already  described.  The  remaining  solution  is  evaporated  with  dilute  sulphuric 
acid  till  thick  white  fumes  come  off  and  then  treated  exactly  as  under  nickel. 

We  shall  content  ourselves  with  the  above  determinations  which  will 
suffice  to  give  the  student  a  working  knowledge  of  the  principles  and 
manipulation  of  electroljiiic  analyses.    For  further  information  see  literature. 
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PART  III. 
VOLUMETRIC  METHODS. 

CHAPTER  I. 

mTBODUCTORT. 

The  principle  of  volumetric  analysis  ia  to  cause  the  substance  to  be  estimated 
to  undergo  a  definite  quantitative  reaction  with  a  solution  of  a  reagent  of  which 
the  strength  is  accurately  known.  From  the  volume  of  this  reagent  used 
exactly  to  complete  the  reaction,  the  quantity  of  substance  to  be  found  xjan 
be  readily  calculated  by  means  of  the  equation. 

The  exact  completion  of  the  reaction  is  recognised  by  means  of  indicators, 
which  may  be : 

(1)  Substances  which  change  colour  with  the  slightest  excess  of  reagent 
(e.g.  litmus,  etc.,  for  acids  and  alkalis). 

(2)  Substances  which  give  coloured  products  with  the  substance  being 
determined  or  with  excess  of  the  reagent  {e.g.  potassium  chromate 
and  iron  alum  in  silver  titrations,  q.v.). 

(3)  The  formation  of  a  ppt.  {e.g.  use  of  barium  chloride,  etc.). 

(4)  The  colour  of  the  reagent  itself  {e.g.  permanganate). 
The  necessary  measuring  instruments  are 

(1)  The  graduated  flask. 

(2)  The  pipette. 

(3)  The  burette. 
The  first  named  is  usually  graduated  to  contain  the  volume  marked 
on  it,  the  two  last  to  deliver  it. 

The  most  convenient  form  of  burette  is  Mohr's,  to  hold  50  c.cs., 
graduated  in  tenths  of  a  c.c.  It  has  a  glass  tap,  obtainable  in 
various  forms,  and  may  also  be  furnished  with  a  milk-glass  back 
down  which  runs  a  blue  line,  to  facilitate  reading.  A  burette 
float,  however,  will  generally  be  found  more  useful  and  far  less  expensive 
(Kg.  52). 

It  is  assumed  that  the  student  is  already  familiar  with  the  appearance  and 
use  of  these  instruments,  as  they  are  described  in  most  elementary  school 
chemistry  books,  as  also  is  the  obvious  method  of  reading  them  to  avoid 
error  due  to  parallax. 
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The  pipette,  it  may  be  remarked,  is  used  as  follows  : 

Dip  the  point  toell  bdow  the  surface  of  the  liquid,  us,  if  air  bubbles  get  in, 
the  liqnid  is  inevitably  drawn  into  the  mouth.  Suck  the  liquid  to  a  point 
above  the  graduation,  close  the  top  with  a  slightly  damp  (not  wet)  forefinger, 
and  lift  the  point  out  of  the  liquid.  Now  by  slightly  releasing  the  pressure, 
with  the  graduation  held  level  with  the  eye,  the  liquid  is  allowed  to  run  out 
at  any  desired  rate.  The  graduation  should  be  exactly  tangential  to  the 
extreme  lower  curve  of  the  meniscus. 

To  empty  the  pipette,  one  method  should  always  be  employed.  This 
may  be  one  of  the  following  (adopt  one  method  and  use  it  invariably)  : 

(1)  Allow  to  drain  for  a  few  seconds  and  blow  out  the  last  drop  (once  only). 

(2)  Allow  to  drain  for  a  few  seconds  and  touch  the  point  against  the  side 
of  the  vessel. 

(3)  Allow  to  drain  for  a  few  seconds  and  touch  the  point  on  the  surface  of 
the  liquid. 

It  should  be  unnecessary  to  remark  that  a  vessel  which  is  being  used  to 
deliver  a  known  volume  of  a  solution  of  definite  strength  should  always  be 
rinsed  out  with  a  little  of  the  solution  before  being  filled  with  it.  This  is 
noty  of  course,  the  case  when  the  vessel  is  going  to  contain  a  known  volume 
of  the  solution,  which  is  measured  into  it,  eoccept  in  the  case  where,  say,  a 
litre  of  a  definite  solution  is  required  and  the  litre  flask  is  wet  with  water. 
Students  frequently  get  very  confused  on  this  point.  A  little  thought  should 
make  it  quite  clear. 

Calibration  of  measnriiig  vessels. — It  is  important  that  all  vessels  used 
should  bear  exact  relationship  to  one  another.  It  does  not  matter  if  the  vessels 
are  graduated  in  true  c.cs.  or  in  other  varieties  of  c.cs.,  provided  that,  say, 
the  50  c.c.  pipette,  twice  emptied  into  the  100  c.c.  flask,  exactly  fills  it ;  that 
the  50  c.c.  burette  delivers  as  much  as  the  50  c.c.  pipette,  and  so  on. 

It  will  usually  be  found  on  testing  the  ordinary  type  of  instrument  supplied 
to  laboratories,  that  this  is  far  from  being  the  case.  By  far  the  best  plan  is 
to  purchase  pipettes  and  flasks  ungraduated  and  to  mark  them  oneself. 

A  flask  is  graduated  thus  : 

First  it  is  cleaned  with  caustic  soda  solution,  water,  chromic  acid  solution, 
water,  distilled  water  (in  the  order  named)  and  thoroughly  dried  by  gently 
warming  and  drawing  a  current  of  air  through. 

It  is  now  exactly  counterpoised  on  a  suitable  balance,  by  means  of  sand 
or  shot ;  the  required  number  of  grams  are  placed  on  the  right-hand  pan,  and 
distilled  water  at  a  definite  temperature  added  to  the  flask  till  exactly  counter- 
poised. (No  drops  must  adhere  to  the  neck ;  remove  any  with  a  roll  of 
filter-paper :  add  or  subtract  minute  quantities  of  water  by  means  of  a 
capillary  used  as  a  pipette.) 

N.B. — Use  fvater  at  the  same  temperature  for  aU  subsequent  calibrations. 
In  this  country  about  15^  (7.  wiU  be  the  average  laboratory  temperature. 

Now  mark  the  exact  level  of  the  lower  part  of  the  meniscus  with  a  straight 
strip  of  gummed  paper.  Cover  paper  and  glass  with  the  thinnest  possible 
coating  of  paraffin  or  bees-wax,  and  cut  a  circle  in  the  wax  with  a  sharp  knife, 
level  with  the  edge  of  the  paper.  This  is  best  done  by  standing  the  flask  on 
the  bench,  supporting  the  Imife  firmly  at  the  necessary  level  by  a  clamp. 
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pressing  the  flask  against  it  and  turning  the  flask  round.    Paint  the  mark  with 
hydrofluoric  acid,  and  after  three  minutes  wash  well  and  remove  the  wax. 

Similarly  etch  the  volume  on  the  bulb  of  the  flask. 

Pipettes  have  to  be  calibrated  by  trial.  Gum  a  thin  strip  of  paper  longi- 
tudinaUy  along  the  stem  approximately  where  the  graduation  will  come. 
(First  cleanse  the  pipette  as  described  above ;  it  may  be  left  wet  unth  distiUed 
water  at  the  required  temperature.  Close  the  point  with  the  thumb  and  fill  it 
with  distilled  water  from  another  pipette  of  the  required  volume.  Make 
a  faint  straight  pencil  mark  on  the  paper  at  the  level  of  the  meniscus  curve, 
and  allow  the  water  to  run  into  a  tared  beaker 
and  weigh.  If  incorrect,  fill  the  pipette  again  by 
suction  to  an  estimated  mark,  and  so  on  by  trial 
till  the  required  volume  is  arrived  at.  Then  etch 
the  mark  as  before. 

A  burette  may  be  calibrated  in  one  of  two 
ways. 

(1)  By  running  out,  say,  5  c.cs.  (on  the  scale) 
at  a  time,  weighing  the  water  so  delivered,  and 
plotting  a  curve  of  scale-readings-volumes. 

(2)  By  running  out  a  succession  of  exactly 
equal  volumes,  and  noting  the  corresponding  scale- 
readings.    A  volume-scale-reading  curve  is  drawn. 

The  manner  of  carrying  out  the  first  method 
will  be  self-evident. 

The  second  method  is  carried  out  as  recom- 
mended by  Ostwald.  It  has  the  advantage  of 
necessitating  only  one  weighing.  A  small  pipette, 
shaped  as  shown  in  Fig.  53  is  attached  to  the 
burette.  The  rubber  tube  t  contains  a  short  piece 
of  glass  rod,  and  the  liquid  can  be  run  out  of  the 
pipette  by  compressing  this  to  the  shape  shown  in 
the  section  in  the  sketch. 

The  pipette  has  two  marks  at  a  and  6,  the  exact 
capacity  being  immaterial,  but  about  5  c.cs. 

The  burette  and  pipette  having  been  cleaned  as  already  described,  and 
filled  with  distilled  water  at  the  .desired  temperature,  the  pipette  is  just  filled 
to  mark  a.  By  pinching  t  the  water  is  run  out  to  mark  b  into  a  tared  beaker 
and  weighed.  By  carefully  opening  the  burette  tap  the  pipette  is  again  filled 
to  mark  a  and  the  corresponding  burette  reading  taken.  Repeat  as  necessary. 
The  weighing  gives  the  volume  of  the  pipette,  which  is  of  course  constant. 
Thus  we  get  a  series  of  figures  showing  the  relation  between  scale-readings 
and  actual  volumes.    A  curve  is  plotted  and  used  with  the  burette. 

Note. — In  connection  with  the  calibration  of  vesseb,  it  should  be  noted 
that  there  are  three  different  "  litres  "  in  conmion  use  : 

(1)  The  true  litre,  which  is  the  volume  of  a  kilogram  of  water  at  i^  C, 
weighed  in  a  vacuum. 

(2)  The  Mohr  litre,  which  is  the  volume  of  a  kilogram  of  water  at  17*5°  C. 
-nair. 
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(3)  The  **  nonnal "  litre,  which  is  the  volume  of  a  kilogram  of  Water  at 
15^  C.  in  air. 

Ab  already  pointed  out,  it  is  immaterial  which,  if  any,  of  these  is  taken 
by  the  student  in  calibrating  his  vessels.  All  that  is  required  is  that  they 
should  agree  amongst  themselves.  The  last-named  "  litre  '*  is  probably  the 
most  convenient,  as  it  most  nearly  approximates  to  the  average  room  tem- 
perature in  this  country.  The  only  necessity  is  that  all  should  be  calibrated 
with  water  at  the  same  temperature. 

It  may  be  remarked  that  it  ia  extremely  easy  to  calibrate  accurately  to 
within  '01  %  error  by  the  above  methods. 

Strengths  of  reagent  solutions. — These  are  usually  expressed  in  terms  of 
Normal.  Normal  strength  is  such  that  a  litre  of  solution  contains  1  gram 
equivderU  of  the  active  part  of  the  reagent. 

In  the  case  of  acids  this  is    acidic  hydrogen. 

„  „       alkalis  „        hydroxyl. 

„  „       salts  „       the  metal  or  the  acid  radical. 

„  „      oxidising  agents  „       available  oxygen. 

Etc.,  etc. 

Note  that  it  is  of  importance  to  know  in  what  light  we  are  to  regard  the 
reagent  before  we  can  state  what  a  normal  solution  is. 

E.g.,  a  normal  solution  of  EMn04,  regarded  as  a  salty  would  contain 
1  gm.-molecule  per  litre ;  regarded  as  an  oxidising  agent,  0*2  gm.-molecule 
per  litre,  since  2KMn04-H^O  (available). 

To  get  the  most  accurate  results,  the  strength  of  the  solution  of  the  reagent 
should  approximate  to  the  strength  of  the  solution  of  the  substance  being 
estimated. 

The  strength  of  the  solution  of  a  reagent  is  often  called  its  titer. 

The  act  of  running  a  reagent  from  a  burette  into  a  solution  to  be  estimated 
is  called  titrating  the  latter  with  the  former. 

The  volume  of  a  reagent  used  in  one  titration  should  not  as  a  rule  be 
much  less  than  10  c.cs.  or  the  relative  error  in  reading,  etc.,  wiU  be  out  of  pro- 
portion to  the  accuracy  otherwise  attainable. 

N.B. — Before  taking  any  standard  solution  out  of  the  stock-botde,  shake  well, 
as  waJter  always  distils  from  the  solution  on  to  the  shoulders  of  the  hotde.  Needless 
to  say,  the  stopper  of  the  bottle  must  fit  accurately,  and  drops  of  reagent  which 
may  accidentally  evaporate  and  crystallise  on  the  lip  of  the  bottle  must  be  removed. 

Taps  of  burettes  should  always  be  cleaned  and  dried  after  use,  and  the  slightest 
possible  smear  of  vaseline  put  on  them.  Otherwise  they  unll  inevitably  seize. 
This  is  especially  necessary  after  the  burette  has  been  used  for  alkalis. 

** Water"  throughout  the  following  pages  always  means  distilled  water 
unless  otherwise  definitely  stated. 
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CHAPTER  II. 

ACIDS  AND  ALKALIS. 

The  strength  of  acids  is  found  by  titrating  with  alkali  of  known  strength, 
and  vice-versa. 

Ihdieaton. — Those  in  most  common  use  are  : 

Litmus, — Red  with  acids,  blue  with  alkalis. 

PhenolpJUhalein, — Colourless  with  acids,  purple  with  alkalis. 

Methyl-orange, — Pink  with  acids,  yellow  with  alkalis. 

A  mixture  of  the  two  last-named  may  be  used  as  a  neutral  indicator.  It  is 
pink  when  acid,  yellow  when  neutral,  purple  when  alkaline. 

Litmus  solution  is  made  by  grinding  the  best  commercial  product  with 

water,  pouring  into  a  gas-jar  to  settle  and  syphoning  off  the  clear  liquid.    It 

N 
will  usually  be  slightly  alkaline,  and  should  be  tested.    One  drop  of  -r^  acid 

should  suffice  to  turn  red  at  least  5  c.cs.  of  the  solution.  If  this  id  not  the 
case  very  dilute  hydrochloric  acid  should  be  added  to  the  bottle,  a  drop  at 
a  time,  till  the  purple  neutral  colour  is  reached.  The  stock-bottle  should  be 
left  open  to  the  air  or  decomposition  will  set  in. 

Phenolphihalein  solution  is  made  by  dissolving  about  1  gram  in  100  c.cs. 
of  50  %  alcohol. 

Methyl  orange  sohUion  is  made  by  treating  0*5  gm.  with  100  c.cs.  of  boiling 
water  and  filtering  when  cold. 

Methyl  orange  is  the  least  sensitive  of  the  above  indicators.  One  drop  is 
usually  sufficient. 

Indicators  are  conveniently  kept  in  dropping  bottles. 

The  characteristics  of  the  above  indicators  are  as  follows : 

Litmus  is  more  or  less  affected  by  weak  acids  like  carbonic,  boric,  etc. 

PJienolphthalein  is  affected  more  easily  by  carbonic,  boric,  etc.  acids. 

Methyl  orange  is  not  affected  by  these  acids,  and  is  only  slowly  affected  by 
organic  acids. 

Hence : 

Litmus  (cold)  is  suitable  for  titrating  mineral  acids  and  oxalic  acid  with 
alkaline  and  alkali  earth  hydroxides. 

If  the  solution  is  boiling  it  can  also  be  used  for  the  carbonates  and  sulphides 
of  sodiimi  and  potassium. 

PhenclphthaUin  (cold)  for  all  acids  except  very  weak  ones  as  carbonic, 
boric,  etc.,  with  alkali  and  alkali  earth  hydroxides,  except  ammonia.  Boiling, 
it  can  also  be  used  for  carbonates,  except  ammonia, 
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Methyl  orange,  being  unaffected  by  very  weak  acids,  can  be  used  for 
titrating  the  hydroxides,  carbonates,  sulphides,  silicates  and  borates  of  the 
alkalis  and  alkali  earths  (where  soluble)  with  mineral  acids.  It  should  not 
be  used  with  organic  acids. 

Plreparaiion  of  normal  adds  and  alkalis. — ^In  only  a  few  cases  is  it  possible 
to  obtain  alkalis  and  acids  in  a  sufficient  state  of  purity  to  weigh  out  the 
required  quantity  and  dissolve  in  the  required  amounts  of  water. 
These  cases  are : 

Alkalis, — Sodium  carbonate  (pure  anhydrous  only). 

Borax. 
Acids, — Oxalic  only. 
To  make  normal  sodium  carbonate. — Take  about  60  gms.  of  the  purest 
anhydrous  salt  obtainable,  gently  heat  in  a  platinum  or  silver  basin  for 
20  minutes  to  be  sure  it  is  completely  dehydrated,  and  weigh  out  exactly 
53  gms.  on  a  tared  clock-glass.  Place  a  funnel  in  a  litre  flask,  tip  the  substance 
into  the  funnel  and  rinse  it  into  the  flask  with  hot  water.  Thoroughly  rinse 
the  clock-glass  and  funnel  into  the  flask,  allow  the  solution  to  cool  and  carefully 
make  up  to  1000  c.cs.  with  constant  shaking.    Finally  shake  thoroughly. 

Since  1  c.c.  of  this  solution  contains  '053  gm.  of  NajCO),  the  strength  of 
any  acid  solution  can  be  readily  found  by  measuring,  say,  10  c.cs.  of  the  acid 
into  a  flask,  adding  a  drop  of  methyl  orange  and  running  in  N.  NajCOs  solution 
till  the  last  drop  added  changes  the  colour  of  the  indicator  from  pink  to  yellow. 
Then  from  the  equations  it  will  be  seen  that  1  c.c.  of  the  soda  solution  will 
neutralise : 

•03647    gm.  Ha, 

•04905   gm.  H2SO4, 

0630     gm.  HNO«,  and  so  on. 

The  calculation  of  the  weight  of  acid  in  the  volume  taken  for  analysis  is 
sufficiently  obvious. 

Solutions  of  soda  stronger  than  N.  are  seldom  if  ever  required.  Solutions 
any  desired  fraction  of  N.  strength  are  made  by  measuring  a  known  volume  of 
N.  solution  and  diluting  to  the  required  volume. 

Dednormal  borax  solution. — Owing  to  methyl  orange  being  quite  un- 
affected by  free  boric  acid,  a  solution  of  borax  behaves,  on  titration  with 
acid  in  presence  of  methyl  orange,  just  like  an  alkali  carbonate  or  hydroxide. 

On  account  of  the  ease  with  which  borax  can  be  obtained  pure,  and  also 

of  its  high  equivalent  weight,  it  is  a  very  suitable  substance  to  use  for  making 

N 

r^  (decinormal)  alkali. 

Na^B^Oy,  lOHjO =3821.    Equivalent = 191  05. 

Hence  19105  gms.  of  borax  wiU  be  required  to  make  a  litre  of  decinormal 
solution. 

The  solution  is  made  as  already  described  for  sodium  carbonate. 

1  c.c.  of  this  solution,  with  methyl  orange  as  indicator,  will  react  with  : 

•003647  gm.  HCl, 

•004905  gm.  H^04,  and  so  on. 
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Note. — It  is  not  advisable  to  attempt  to  make  a  borax  solution  stronger 

N 
than  -=  owing  to  tbe  limited  solubility  of  borax  at  low  temperatures. 

To  make  normal  oxalic  add. 

H,C,04,  2H2O  =  12605.    Equivalent  weight  =  6303. 

Hence  weigh  out  exactly  63*03  gms.  of  the  purest  recrystallised  oxalic  acid 
obtainable,  and  dissolve  and  make  up  to  a  litre  of  solution  as  already  described. 
The  solution  does  not  keep  very  well,  and  should  only  be  employed  when  a 
N.  acid  solution  is  wanted  at  once  (as  in  an  examination). 

The  best  indicator  to  use  is  litmus  in  boiling  solution. 

To  make  nonnal  snlphuric  aeicL 

H2S04=98-1.    Equivalent  weight=4905. 

As  we  cannot  weigh  out  49*05  gms.  of  pure  H2SO4  and  dilute  to  a  litre,  the 

method  employed  is  to  make  a  solution  slightly 

stronger  than  normal,  titrate  with  normal  alkidi 

and  calculate  how  much  water  to  add  to  make  it 

exactly  normal.    For  this  purpose  a  Giles  flask  is 

useful  (though  not  indispensable).     (See  Fig.  54.) 

Put  about  500  c.cs.  of  water  into  the  flask,  and 
slowly  pour  in,  with  shaking,  35  c.cs.  of  pure  con- 
centrated sulphuric  acid.  Allow  to  cool,  and  add 
water  to  the  1100  c.cs.  mark  with  thorough  shaking. 

Rinse  out  a  burette  with  the  N.  sodium  car- 
bonate solution,  and  fill  it  up  with  this  solution. 

Rinse  out  a  25  c.c.  pipette  with  the  acid,  and 
transfer  25  c.cs.  to  a  120  c.c.  conical  flask  (preferred 
for  titrations).  Add  1  drop  of  methyl  orange, 
stand  the  flask  on  a  white  tile  and  run  in  the  soda, 
with  constant  shaking,  till  the  last  drop  just  turns 
the  indicator  yellow.  Repeat  twice  more.  Take 
the  mean  of  the  three  titrations,  which  ought  not 
to  differ  by  more  than  01  c.c.  at  the  most. 

If  the  sulphuric  acid  is  normal,  25  c.cs.  of  the 
alkali  will  be  required  for  each  titration.  As  it  is 
stronger  than  normal,  rather  more  alkali  than  this 
wiU  be  required.  Calculate  how  much  water  to 
add  to  a  litre  of  the  acid  to  make  it  exactly  normal. 
Withdraw  acid  from  the  Giles  flask  by  means  of  a 
pipette  till  exactly  1000  c.cs.  are  left,  add  the  cal- 
culated amount  of  water,  shake  thoroughly  and  bottle.  (The  bottle  should 
be  rinsed  out  with  a  little  of  the  acid  before  filling  it,  for  obvious  reasons.) 

The  above  calculation  is  best  illustrated  by  an  example. 

Suppose  that  25  c.cs.  of  the  acid  required  27  c.cs.  of  N.  alkali.  It  is  obvious 
that  to  make  the  acid  normal,  25  c.cs.  must  be  diluted  to  27  c.cs.  with  2  c.cs. 
of  water.    Hence  a  litre  of  acid  wiU  require  80  c.cs.  of  water.    Run  in  from 


FlO.  64. 


Digitized  by 


Google 


234 


TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 


a  burette  this  amount  to  the  1000  c.cs.  of  acid  in  the  Giles  flask  and  shake 
thoroughly. 

In  an  exactly  similar  manner  normal  hydrochloric  and  nitric  acids  may  be 
made. 

Suitable  quantities  for  the  1100  c.cs.  flask  are  100  c.cs.  of  concentrated 
hydrochloric  and  110  c.cs.  of  concentrated  nitric  acid. 

Normal  sodium  hydroxide. 

NaOH  =  4001.    Equivalent  weight  -  40-01. 

About  52  gms.  of  the  best  white  sticks  of  NaOH  are  quickly  washed  with  a 

little  water  to  dissolve  carbonate 
from  the  surface,  and  dissolved  in 
water  in  the  Giles  flask  (care  when 
placing  sticks  in  flask ;  do  not  drop 
them  in  I).  Make  up  to  1100 -c.cs., 
thoroughly  shake,  titrate  25  c.cs. 
with  N.  acid  (hydrochloric  or  sul- 
phuric) and  make  exactly  normal 
just  as  already  described  for  sul- 
phuric acid.  Methyl  orange  is  the 
most  convenient  indicator.  If  litmus 
is  used  the  solution  must  be  boiled 
and  the  boiling  continued  after  each 
addition  of  acid  till  the  blue  colour 
does  not  return  and  the  change  to 
red  is  permanent.  This  is  because 
small  amounts  of  carbonate  are 
alwa3rB  present,  and  the  free  carbonic 
acid  forms  NaHCOs  with  the  remain- 
ing Na^CO),  which  turns  litmus  red- 
dish slightly  before  the  neutralisation 
is  completed.  On  boiling,  this  is 
decomposed, 

2NaHC08  -  Na^COs  +  H,0  +  C0„ 

and  the  litmus  thus  turned  blue 
again. 

The    same    remarks    apply    to 
phenolphthalein. 

If   alkali    hydroxide   quite   free 
y,o  55^  from  carbonate  is  required,  the  pre- 

paration of  pure  NaOH  is  very 
troublesome,  and  when  made  must  be  very  carefully  preserved  from 
the  atmosphere.  It  is  better  to  use  baryta,  Ba(0H)2,  SH^O,  as  BaCOj  is 
insoluble. 

Ba(OH),  +  8H,0 = 315-51 .    Equivalent  weight  =  157-8. 
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N 
As  in  the  case  of  NaOH,  we  make  an  approximately  rrr  solution  and  find 

N 
Its  exact  strength  with  —  hydrochloric  add,  nsing  phenolphthalein  as  indi- 
cator. It  is  not  advisable  to  dilute  to  exactly  normal  strength,  as  traces  of 
CO,  will  be  introduced  in  the  process  and  the  strength  will  therefore  be 
altered.  It  is  therefore  preserved  as  described  below  and  the  exact  strength 
marked  on  the  label. 

Weigh  out  about  40  gms.  of  the  crystals  and  dissolve  in  2  litres  of  water. 
Place  in  the  bottle  shown  in  Fig.  55.  This  arrangement  allows  the  burette 
to  be  filled  and  emptied  without  exposing  the  solution  to  atmospheric  carbon 
dioxide.  A  soda-lune  tube  purifies  air  entering  the  bottle.  Always  empty 
the  burette  after  use,  and  rinse  out  with  the  solution  before  use. 

N 
Titrate  r-r  hydrochloric  acid  with  the  baryta  solution,  using  phenol- 
phthalein. 

Calculate  the  strength  in  terms  of  normal  and  label  it  on  the  bottle. 

N 
Thus  if  25  CCS.  of  zy:  HCl  require  24  of  the  baryta,  the  latter  is  obviously 

|xg=.1042N. 

It  may  here  be  remarked  that  whilst  for  ordinary  use  it  saves  calculation 
to  make  all  solutions  exactly  normal  or  a  definite  fraction  of  normal  in  strength, 
yet  for  examination  purposes  this  is  not  usually  done,  but  the  weight  of  reagent 
per  litre  of  solution  is  supplied.  The  simplest  way  to  use  this  is  to  calculate 
the  titre  in  terms  of  normal  strength.  Any  volume  of  the  reagent  used, 
multiplied  by  this  factor,  gives  the  corresponding  volume  of  normal  reagent. 
Thus,  sulphuric  acid  containing  5  gms.  of  H2SO4  per  litre  of  solution  is 

— 5_N=-1019N. 
4905 

ALKALIMETRY 

In  any  determination  involving  weighing  out  the  substance,  it  is  usual 
to  weigh  out  sufficient  of  the  substance  for  at  least  three  titrations,  to  make 
this  up  to  a  definite  volume  and  to  withdraw  a  suitable  fraction  for  each 
operation.  This  fraction  is  usually  referred  to  as  an  aUquU  pari  of  the  solu- 
tion.   (This  is  most  conveniently  a  tenth.) 

1.  Determination  of  NaOH  in  caustic  soda.— Weigh  about  10  gms.  of  caustic 
soda  in  a  corked  test-tube.  Transfer  to  a  250  c.c.  graduated  flask  and  add 
water.  Weigh  the  empty  test-tube.  When  the  soda  has  dissolved,  make  up 
to  250  CCS.  with  water,  shake  thoroughly,  and  wash  out  a  25  c.c.  pipette  with 
some  of  the  solution.  Then  place  25  c.cs.  in  a  flask,  add  a  drop  of  methyl 
orange  and  titrate  with  N.  acid.    Repeat  twice. 

1  C.C.  N.  acid  =  -04001  gm.  NaOH. 

Hence  calculate  the  weight  of  NaOH  in  the  whole  250  c.cs.  of  solution,  which 
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will  be  the  weight  in  the  amount  of  substance  weighed  out.  The  percentage 
follows  at  once. 

Note, — In  this  manner  sodium  carbonate  will  be  calculated  as  NaOH. 
(So  will  traces  of  lime,  sodium  silicate,  aluminate,  etc.) 

For  separation,  see  neict  experiment. 

2.  Detennination  of  alkali  carbonate  in  presence  of  alkali  hydroxide. 
First  Method. — ^Weigh  out  a  suitable  quantity  as  in  previous  experiment, 
(a)  Titrate  the  total  alkali  in  an  aliquot  part,  using  methyl  orange  as 

indicator  and  normal  acid  as  reagent.    Take  the  mean  of  three  titrations. 

(6)  To  a  fresh  aliquot  part  add  barium  chloride  till  no  more  ppt.  of  barium 
carbonate  forms.  Titrate  the  remaining  hydroxide,  using  phenolphthalein 
(cold).    (Three  titrations.) 

The  difference  between  the  volumes  of  acid  used  in  a  and  h  will  be  the 
volume  corresponding  to  the  carbonate. 

Second  Method  (Volhard's). — If  acid  be  added  to  a  sufficiently  dilute  solu- 
tion of  a  carbonate,  bicarbonate  is  formed  until  all  the  carbonate  is  transformed 
to  bicarbonate.    Hence :  ^ 

Titrate  the  alkaline  solution  (which  should  not  be  stronger  than  ^^  ] 

with   —  acid,  using  phenolphthalein. 

When  the  pink  colour  has  just  disappeared 

(1)  All  hydroxide  has  formed  the  salt. 

(2)  All  carbonate  has  turned  to  bicarbonate. 

Na,C08+HCl  =  NaHC08+NaCl (1) 

Now  add  a  drop  of  methyl  orange  and  continue  adding  acid  till  the  indicator 
turns  pink.    Repeat  twice  more  and  take  the  mean. 
The  reaction  which  has  now  taken  place  is 

NaHCO,  +  HCl  =  NaCl  +  HjO  +  COa (2) 

A  consideration  of  equations  (1)  and  (2)  shows  at  once  that  twice  the 
volume  of  acid  used  for  (2)  is  the  volume  of  acid  required  to  completely 
neutralise  the  carbonate.  This,  subtracted  from  the  whole  volume  of  acid 
added,  gives  the  volume  used  for  the  hydroxide. 

By  a  slight  variation  this  method  may  be  used  to  determine  carbonate  in 
the  presence  of  bicarbonate,  thus  : 

3.  Detenmnation  of  the  formula  of  sodium  sesquicarbonate.  Na^COst 

NaHCO,,  2H,0.— Weigh  out  about  0-75  gm.  of  the  salt,  transfer  to  a  100  c.c. 

flask,  dissolve  in  water,  make  up  to  100  c.cs.  and  shake  thoroughly. 

N 
Titrate  25  ccs.  at  a  time  with  ^t:  acid  and  phenolphthalein.     Then  add 

methyl  orange  and  complete  the  titration. 
The  first  reaction  is  : 

Na,CO,  +  HCl = NaHCO,  +  NaCl, 
and  then  NaHCOj + HCl  =  NaCl  +  H,0  +  CO,. 

If  the  volume  of  acid  used  to  render  the  phenolphthalein  colourless  be 
doubled,  we  obtain  the  volume  of  acid  corresponding  to  the  carbonate.    This 
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volume  subtracted  from  the  whole  volume  of  acid  added  gives  us  the  volume 
required  for  the  bicarbonate. 

A  simple  calculation  thus  gives  us  the  weights  of  carbonate,  bicarbonate 
and  (by  difference)  water  of  crystallisation  in  the  weight  of  salt  taken.  Hence 
the  formula  can  be  calculated. 

N.B. — If  in  Volhard's  method  COj  is  seen  to  escape  before  the  phenol- 
phthalein  turns  colourless,  the  solution  is  too  strong.  A  fresh  portion  must 
be  taken  and  suitably  diluted. 

4.  Determination  of  insoluble  carbonates. — Carbonates  such  as  that  of 

calcium  may  be  determined  by  weighing  out  a  suitable  amount,  dissolving 

in  about  double  the  necessary  amount  of  N.  acid,  making  up  to  a  known 

N 
volume  and  titrating  the  excess  of  acid  in  an  aliquot  part  by  means  of  -^ 

alkali,  using  methyl  orange. 

Prom  the  amount  of  acid  used  by  the 

carbonate,  its  weight  can  readily  be  calculated. 

5.  Determination  of  ammonianL  Method 
1. — No  other  base  is  present  except  sodium 
or  potassium,  and  the  salts  are  present  as 
normal  salts  of  mineral  acids,  except  car- 
bonate and  other  very  weak  acids. 

Weigh  out  sufficient  of  the  salt  to  make  an' 
approximately  normal  solution.  Make  up  to 
a  known  volume  and  transfer  three  separate 
aliquot  parts  to  three  flasks.  To  each  add  a 
known  excess  (about  double  the  necessary 
amount  of  N.  NaOH).  Boil  gently  (with  a 
small  funnel  in  the  mouth  of  each  flask  to 
avoid  loss  of  spray)  till  the. escaping  steam 
no  longer  contains  ammonia.    (Litmus-paper 

N 
test.)    Titrate  the  excess  of  alkali  with  —  acid. 

1  c.c.  N.  NaOH  =  -01703  gm.  NH3. 

Method  2. — Other  bases,  or  weak  mineral  no.  56. 

or  organic  acids  are  present. 

In  this  case  the  ammonia  is  driven  off  by  boiling  with  NaOH  and  absorbed 
in  a  known  excess  of  acid,  the  excess  of  acid  being  titrated  with  alkali.  The 
apparatus  used  is  that  of  Ejeldahl,  as  shown  in  Fig.  56. 

About  1'25  gms.  of  ammonium  chloride  (or  a  corresponding  amount  of 
other  ammonium  salt)  is  placed  in  the  flask  and  75  c.cs.  of  approximately 
2N.  NaOH  added,  and  the  flask  at  once  attached  to  the  apparatus,  50  c.cs. 
of  N.  acid  having  been  previously  run  into  the  absorption  flask  through  the 
exifivbe^  which^contains  broken  glass  (best  broken  test-tubes).  This  serves 
to  absorb  traces  of  ammonia  which  may  escape  the  main  volume  of 
acid. 

Now  distil  rather  more  than  half  the  contents  of  the  flask  into  the  absorption 
flask.    Disconnect,  rinse  the  contents  of  the  exit  tube  into  the  absorption 
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flask,  make  the  contents  up  to  100  c.cs.  and  titrate  25  c.cs.  at  a  time  with 

N  .      . 

^  NaOH,  using  litmus  or  methyl  orange  (not  phenolphthalein)  as  indicator. 

1  C.C.  N.  acid  =  -01703  gm.  NHj. 

Note, — The  ammonia  in  gas  liquors,  etc.,  is  determined  by  this  method. 
It  is  usual  to  take  10  c.cs.  of  the  liquor,  and  to  have  the  acid  of  such  a  strength 
that  10  c.c.  =  l  %  of  NH3  in  the  liquor  (i.e.  1  c.c.  =  -01  gm.  NH3),  the  alkali 
being  of  corresponding  strength.  Thus  the  number  of  c.cs.  of  acid  used, 
divided  by  10,  give  the  percentage  of  NH3  in  the  liquor  without  further 
calculation. 

6.  Deiennination  of  alkali  earth  salts. — The  carbonates  have  already 
been  dealt  with. 

Other  salts  are  determined  by  pptg.  the  carbonate  with  a  known  excess 
of  N.  Na^CO),  filtering  and  washing,  making  up  the  filtrate  and  washings  to 
a  known  volume  and  titrating  the  excess  of  N.  Na2C03  in  an  aliquot  part. 

Nothing  else  that  reacts  with  NasCOj  may  be  present. 

7.  Detennination  of  other  metallic  salts.— Almost  any  metal  may  be 
determined  similarly  to  the  method  of  No.  6,  using  either  Na^COj  or  NaOH, 
provided  that : 

(a)  Nothing  else  is  present  which  acts  on  the  reagent. 

(b)  The  metallic  hydroxide  or  carbonate  does  not  adsorb  the  alkali. 
Those  which  do  this  have  already  been  indicated  in  Part  I.  of  this  book. 

8.  Detennination  of  the  hardness  of  water  {Hehner's  method). 

Note, — TJie  water  must  not  contain  alkali  carbonates, 

N 
(i)  Temporary  hardness, — ^70  c.cs.  of  the  water  are  titrated  with  —  HQ, 

with  methyl  orange  as  indicator.  The  titration  is  finished  at  the  first  sign 
of  change  (compare  with  a  standard). 

1  c.c.  ^  HC1  =  -005  gm.  of  CaC03. 

N 
Hence  1  c.c.  of  r^  HCl  =  5  degrees  of  hardness  on  Clarke's  scale  (grains  per 

gallon,  i,e,  parts  per  70,000)  if  70  c.cs.  of  water  were  taken. 

To  express  the  hardness  in  French  degrees  (parts  per  100,000)  use  100  c.cs. 
of  the  water. 

(ii)  Permanent  hardness, — Another  70  (or  100)  c.cs.  of  the  water  is  treated 

N 
with  excess  of  —  NajCO,  and  evaporated  dry  on  the  water-bath.    Add  some 

freshly-boiled  distilled  water  to  the  residue,  stir  well,  filter  and  wash  the 
residue  on  the  filter  at  least  four  times  with  boiling  water.  The  combined 
filtrate  and  washings  are  diluted  to  70  (or  100)  c.cs.  with  distilled  water  and 

N 
titrated  with  —  HCl  and  methyl  orange. 

N 
Each  c.c.  of  r^  NagCOj  used  » 5  degrees  of  permanent  hardness. 
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AdDIMETBT. 

1.  To  determine  the  strength  of  strong  (Aiming)  acids.— These  must  be 
weighed  out,  as  measuring  them  would  involve  alteration  of  strength  by 
fuming,  absorption  of  moisture,  etc.  The  Lunge  and  Bey  pipette  is  used  for 
this  (see  Fig.  57).  To  use,  remove  the  tube,  place  a  few  drops  of  water  in  it, 
and  weigh  the  two  portions.  Now  introduce  acid  into  the  bulb  by  sucking 
out  some  of  the  air  with  the  lower  tap  closed  and  the  upper  one  open.  Close 
the  upper  tap,  dip  the  point  of  the  pipette  into  the  acid  and  open  the  lower 
tap.  The  bulb  should  be  not  much  more  than  half-full.  Close  the  tap, 
connect  the  pipette  to  the  tube  and  weigh  again.  Now  run  the 
acid  into  some  distilled  water,  rinsing  out  pipette  and  tube,  and 
finally  make  up  to  100  c.cs. 

Titrate  an  aliquot  part  with  N.  NaOH  and  diethyl  orange. 

Note. — ^Phosphoric  add  may  be  titrated  with  caustic  soda, 
using  methyl  orange.  The  indicator  changes  when  NaH2P04  is 
formed. 

Sulphurous  add  may  be  titrated,  using  methyl  orange,  towards 
which  NaHSOj  reacts  neutral. 

Hydrofluoric  add  may  be  titrated  with  phenolphthalein. 

Flnosilidc  add  is  best  titrated  with  Ba(0H)2  in  alcoholic 
solution,  using  phenolphthalein. 

For  organic  acids  use  baryta  and  phenolphthalein  or  litmus. 

For  firee  carbonic  acid  add  excess  of  baryta  and  titrate  the 
excess,  using  phenolphthalein. 

2.  Determination  of  nitric  add  as  ammonia. — By  reduction  in 

alkaline  solution  (best  with  Devarda's  alloy,  Cu  50  %,  Al  45  %, 

Zn  5  %)  nitric  acid  is  quantitatively  reduced  to  ammonia.    This 

is  distilled  off  into  excess  of  N.  acid  as  on  p.  237.  •^<*-  ^7. 

N 
Into  the  absorption  flask  of  Fig.  24  run  25  c.cs.  of  ^  acid  (through  the 

exit  tube).  About  0*5  gm.  of  the  nitrate  is  weighed  into  the  distillation 
flask,  50  c.cs.  of  4N.  NaOH  added,  and  2-3  gms.  of  Devarda's  alloy. 
(Aluminium  turnings  may  be  used  if  the  alloy  is  not  available.) 

Immediately  connect  up,  warm  gently  till  the  reaction  begins,  and  allow 
it  to  proceed  without  further  heating.  Then  distil  rather  more  than  half  the 
liquid  into  the  absorption  flask,  and  titrate  the  excess  of  acid  as  previously 
described. 


Since 


HNOa— >NHs; 
3.  Determination  of  copper  (indirect  method). 


,  ,N     .-     /•0315   gm.HN08 

lc.c.of^acid  =  (.^j^^j^O^ 


CUSO4  +  H,S = CuS  +  H2SO4. 

The  liberated  -acid  is  titrated. 

Weigh  out  about  2  gms.  of  copper  sulphate  or  chloride  crystals.  Dissolve 
in  about  50  c.cs.  of  water.  Saturate  with  HjS  as  described  on  p.  194.  Filter, 
wash  ppt.  till  free  from  acid,  make  up  filtrate  and  washings  to  a  definite 
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N 
volume  and  titrate  an  aliquot  part  with  ^  alkali,  using  methyl  orange. 

From  the  equation  it  follows  that 

N 
1  c.c.  -^  alkali  =  -01589  gm.  Cu. 

Note, — This  method  is  extremely  accurate.  It  may  be  used  for  copper 
sulphate  and  chloride  in  the  absence  of  bases  of  Groups  II.  and  III.,  oxidising 
agents  and  free  acids  (unless  the  last  named  are  separately  determined). 

4.  Detenmnation  of  carbon  dioxide  in  air  (Pettenkofer's  method).— A 

stoppered  bottle  of  about  5  litres  capacity  (accurately  measured)  is  filled 

N 
with  the  air  to  be  tested  by  means  of  the  bellows.    100  c.cs.  of  ^  barjrta  or  of 

saturated  lime-water  of  accurately  known  titre  are  added,  the  bottle  stoppered 
and  thoroughly  shaken  for  15  minutes.  The  contents  are  then  quickly  poured 
into  a  stoppered  bottle  and  25  c.cs.  are  withdrawn  and  titrated  with  hydro- 
chloric or  oxalic  acid  of  accurately  known  strength,  using  phenolphthalein 
as  indicator. 

It  is  convenient  to  make  the  acid  of  such  a  strength  that  1  c.c.  =  1  c.c.  of 
COj  at  N.T.P.  (i.6.  will  neutralise  as  much  baryta  as  Ic.c.  of  CO,  at  N.T.P.). 

N 
This  is  accomplished  by  diluting  893*2  c.cs.  of  r^r  acid  to  1  litre.    For  the  most 

accurate  results  water  free  from  CO,  is  necessary  both  for  making  and  diluting 
the  acid.    (See  Book  VI.,  Fig.  26.) 

Remember  that  the  volume  of  air  used  is  F  - 100  c.cs.,  V  being  the  volume 
of  the  bottle.  Reduce  this  to  N.T.P.  The  rest  of  the  calculation  is  sufficiently 
obvious.    Express  result  as  per  cent,  by  volume. 
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PBEdPITATION  METHODS. 

A.    Use  of  Standard  Silver  Solatioii. 

The  halogens  (except  fluorine)  may  be  estimated  in  neutral  solution  as  soluble 
halides.  Potassium  chromate  or  arsenate  is  used  as  indicator,  giving  a  red 
ppt.  with  the  least  excess  of  silver  solution.  This  ppt.,  however,  cannot  form 
so  long  as  any  soluble  halide  is  present,  nor  will  it  form  in  acid  solution,  in 
which  it  is  soluble. 

n 

1.  Prei»aration  of  —  silver  nitrate. 

10 

AgNOa  =  169-89.    Equivalent  weight  =  169-89. 

Weigh  out  16-989  gm.  of  purest  silver  nitrate,  previously  dried  at  100**  C. 
Dissolve  in  water  and  make  up  to  a  litre. 

N 
1  c.c.  —  AgN03  = -003546  gm.  chlorine. 

=  -007992  gm.  bromine. 

=  •012692  gm.  iodine. 

2.  Standardisation  of  silver  nitrate. — ^Pure  sodium  chloride  (see  p.  52) 
is  gently  heated  in  a  platinum  basin,  cooled  in  a  desiccator  and  exactly  5-846 
gms.  weighed  out,  dissolved  in  water  and  made  up  to  a  litre. 

The  titration  is  performed  thus :    The  silver  nitrate  must  always  be  in 

N 
the  burette,  or  the  indicator  will  not  work.     10  c.cs.  of  the  r^  sodium  chloride 

are  placed  in  a  flask,  1  c.c.  of  5  %  potassium  chromate  (not  dichromate)  is 
added,  and  the  silver  solution  is  run  in  till  the  last  drop  gives  a  permanent 
red  tinge  to  the  liquid.  Exactly  10  c.cs.  of  the  silver  solution  should  be 
required. 

3.  The  determination  of  chlorides  and  bromides  is  carried  out  similarly. 

4.  The  strength  of  a  silver  solution  may  also  be  thus  determined.    It  must 

N       . 
be  neutral  and  must  be  put  into  the  burette,  and  ^k  sodium  chloride  titrated 

with  it. 

Sodium  arsenate  may  be  used  as  indicator  if  preferred.  It  has  the  advan- 
tage of  being  colourlesa. 

16  ?41 
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5.  Detenmnation  of  iodides. — ^The  above  method  is  unsuitable,  owing  to 
the  powerful  adsorptive  properties  of  silver  iodide  both  for  silver  nitrate  and 
alkali  iodide.    (See  under  ammonium  thiocyanate.) 

6.  Determination  of  barium  chloride* — Owing  to  the  pptn.  of  the  indicator 
as  BaCr04  it  is  necessary  fixst  to  ppt.  the  barium  with  a  sUght  excess  of  sodium 
sulphate  (free  from  chloride)  before  adding  the  indicator.  Then  proceed  as 
before. 

7.  Detennination  of  other  bases. — ^Any  substance  which  is  present  in  such 
a  form  that  it  can  be  quantitatively  changed  to  the  chloride  by  evaporation 
with  strong  hydrochloric  acid  and  subsequent  heating  to  120**  can  be  readily 
and  accurately  estimated  by  silver  nitrate  as  above. 

8.  Determination  of  hydrooblorio  add. — ^It  is  first  titrated  with  sodium 
carbonate  (any  strength).  The  exact  amount  of  sodium  carbonate  necessary 
to  neutralise  it  is  then  added  to  a  measured  volume  and  the  solution  titrated 
with  silver  nitrate  as  above. 

9.  Determination  of  chloride  in  presence  of  hydrochloric  acid. — The  free 

N 
acid  is  first  determined  by  titrating  with  :j^  sodium  carbonate. 

Another  portion,  exactly  neutralised  by  addition  of  the  required  quantity 

N  .      .  • 

of  carbonate  is  then  titrated  with  —  silver  nitrate.    This  gives  the  total 

chlorme.    The  chlorine  already  found  as  HCl,  deducted  from  this  total, 
gives  the  chlorine  as  chloride. 

The  procedure  for  the  determination  of  chlorides  in  presence  of  other  acids 
is  similar.    E.g. 

10.  Analysis  of  a  mixtore  of  hydrochloric  and  sulphuric  acids. — Titrate 

N 
the  total  acidity  with  j^  sodium  carbonate.    Exactly  neutralise  a  further 

portion  with  the  required  quantity  of  carbonate  and  titrate  the  chloride  with 

N 

j^  AgNOj.    This  chlorine,  calculated  as  HCl  and  deducted  from  the  total 

acidity  gives  the  sulphuric  acid. 

11.  Determination  of  chlorides  in  tap  water,  etc.— Exactly  as  above,  using 

N  . 

Y^  silver  nitrate.    The  better  indicator  here  is  sodium  arsenate,  owing  to  the 

great  dilution.    Calculate  as  NaCl. 

12.  Determination  of  cyanides.  Caution. — On  no  account  risk  sucking 
cyanide  solution  into  a  pipette.    Deliver  from  a  burette. 

When  silver  nitrate  is  added  to  an  alkali  cyanide  (not  vice  versa)  the 
following  reactions  take  place : 

(1)  AgN03  +  2KCN=KAg(CN),  +  KN08. 

(sohible) 

When  all  the  soluble  cyanide  has  been  converted  into  the  complex  salt, 
the  next  drop  of  silver  solution  reacts  as  follows  : 

(2)  KAg(CN),  +  AgN03  =  KN03  +  2AgCN, 

(insoluble) 
and  a  permanent  ppt.  forms. 
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N  . 

Henee  run  —  AgNOj  into  the  cyanide  solution  till  a  permanent  ppt.  is  just 

obtained.    Equation  (1)  is  then  just  complete. 
Since  to  form  the  complex  salt  AgN03  =  2KCN, 

/.   Ic.c.  ^AgNOj =-01302  gm.KCN 

=  •0052   gm.  (CN),  and  so  on. 

B.    Use  of  Ammoniiim  Thiocyanaie. 

Silver  thiocyanate  is  unaffected  by  dilute  acids,  so  that  if  a  soluble  thio- 
cyanate  be  added  to  a  dilute  add  solution  of  silver  till  pptn.  is  complete, 
the  amount  of  silver  can  be  calculated.  The  end  of  the  reaction  is  shown 
by  adding  iron  alum  as  indicator,  the  least  excess  of  soluble  thiocyanate  giving 
the  red  colour  of  Fe(CNS)8. 

This  method  has  the  advantage  that  the  silver  solution  need  not  be  neutral. 
Hence  the  silver  in  alloys  may  be  determined  after  solution  in  nitric  acid, 
without  having  to  render  exactly  neutral.  The  presence  of  other  metals 
(except  mercury)  does  not  interfere,  except  in  so  far  as  coloured  salts  will  make 
it  impossible  to  see  the  end  point. 

n 

1.  Prei»aration  of  r^  ammonium  or  potasaiiim  thiocyanaie.--About  9  gms. 

of  ammonium  or  11  gms.  of  potassium  thiocyanate  are  roughly  weighed  out 

N 
and  dissolved  in  the  Giles  flask  to  1100  c.cs.    10  c.cs.  of  ^Tv  AgNOj  are  placed 

in  a  flask,  2  c.cs.  of  iron  alum  solution  (saturated)  added,  and  the  thiocyanate 

is  run  in  from  a  burette  till  a  permanent  red  tinge  is  obtained.    Calculate 

N 
how  much  water  to  add  to  a  litre  of  the  thiocyanate  to  make  it  ^. 

N 
1  c.c.  — r  thiocyanate =*010788gm.  Ag. 

1  c.c.  ~AgNO8=00761  gm.  NH^CNS. 

2.  Detenniiiation  of  silver  in  an  alloy. — ^Thoroughly  clean  a  threepenny 

piece,  wash  with  hot  caustic  soda  solution,  with  dilute  sulphuric  acid,  distilled 

water,  dry  and  weigh.    Dissolve  in  a  little  warm  nitric  acid  (1 : 1)  in  a  250  c.cs. 

flask ;  make  up  to  250  c.cs.  with  water,  shake  and  titrate  50  c.cs.  at  a  time 

N      . 
with  Y77  thiocyanate  and  ferric  indicator. 

3.  Detenniiiation  of  halogens. — Halides  present  in  acid  solution  may  be 

N 
determined  by  pptg.  with  excess  of  ~  silver  solution,  filtering  from  the  ppt. 

in  case  of  the  chloride  (unnecessary  with  bromide  or  iodide)  and  titrating  the 

N 
excess  of  silver  with  —  thiocyanate. 

Filtration  is  necessary  because  AgCl  +  NH4CNS  =  NH4CI  +  AgCNS  to  some 
extent. 
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When  determining  iodides  by  this  method,  the  solution  should  be  in  a 
stoppered  bottle.  The  silver  nitrate  is  added  gradually  with  thorough 
shalang,  which  avoids  the  enclosure  of  silver  nitrate  and  of  iodide  by  the 
silver  iodide.  Finally  add  ferric  indicator  and  titrate  the  excess  of  silver  as 
above. 

C.    Use  of  Normal  Barium  Chloride. 

1.  Determination  of  sulphuric  acid  and  sulphates. — ^These  may  be  deter- 
mined in  not  too  dilute  solution  by  adding  N.  barium  chloride  till  no  more 
ppt.  falls.  The  liquid  is  kept  at  the  boil,  and  after  each  addition  of  the 
reagent  the  ppt.  is  allowed  to  settle  before  adding  more.  It  is  quite  easy  to 
see  when  no  more  ppt.  forms,  provided  that  the  solution  is  not  more  dUute 
than  normal. 

In  this  way  sulphates  can  be  quickly  determined  with  reasonable  accuracy. 

The  solution  should  be  treated  with  dilute  hydrochloric  acid  before  adding 
the  barium  solution  if  other  acids  are  present  which  are  pptd.  by  barium. 

The  reagent  is  made  by  dissolving  122*15  gms.  of  BaClg,  2H,0  (purest 
crystals)  and  making  up  to  a  litre. 

1  c.c.  N.  BaQj^ -04303  gm.  SO4. 

2.  Detennination  of  chromic  acid  and  chromates.— By  adding  barium 
chloride  to  a  solution  of  the  chromate  to  which  acetic  acid  and  excess  of 
sodium  or  ammonium  acetate  have  been  added,  the  orange  colour  of  the 
solution  will  suddenly  disappear  and  change  to  the  much  lighter  lemon  yellow 
of  the  ppt.  of  BaCr04  when  sufficient  barium  solution  has  been  added.  It 
is  better  to  use  N.  barium  acetate  as  the  reagent  if  it  is  available. 

1  c.c.  N.  barium  solution  =  '068  gm.  Cr04. 

D.    Use  of  Standard  Uranyl  Acetate. 
1.  Detennination  of  phosphoric  acid. — ^When  uranyl  acetate, 

(U0J(C^30Ja, 
is  added  to  a  phosphate,  a  pale  greenish  yellow  ppt.  of  UO2HPO4  is  formed. 
(UO2NH4PO4  in  presence  of  ammonium  salts.) 

The  solution  should  be  only  slightly  acid  with  acetic  acid. 

The  end  point  is  determined  by  withdrawing  a  drop  of  the  solution  on  a 
glass  rod  and  touching  it  on  a  drop  of  potassium  ferrocyanide  on  a  white  tile. 
The  least  excess  of  uranyl  salt  gives  a  brown  ppt.  (or  coloration)  of  uranyl 
ferrocyanide. 

It  is  necessary  to  employ  the  uranyl  solution  against  a  solution  of  approxi- 
mately the  same  strength  and  composition  as  the  solution  against  which  it 
was  standardised. 

Standardisation  of  the  uranium  solution.— About  39  gms.  of  uranium 
acetate  are  dissolved  in  water  and  made  up  to  1100  c.cs.  in  the  Giles  flask. 
The  best  substance  to  standardise  the  iiranium  upon  is  KH2PO4.  3-833  gms. 
(corresponding  to  2  gms.  of  P2O5)  are  dis^lv^  and  made  up  to  a  litre.  50  c.cs. 
of  this  solution  contain  0-1  gm.  PgO^. 
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To  carry  out  the  titration,  50  c.cs.  are  measured  into  a  flask  or  beaker, 
and  the  uranium  solution  added  till  a  drop  of  the  liquid  removed  on  a  glass  rod 
and  touched  on  a  drop  of  potassium  ferrocyanide  on  a  white  tile  gives  a  faint 
brown  colour.  Now  heat  the  liquid  to  boiling  and  continue  to  add  uranium 
solution  till  the  brown  colour  is  obtained  again. 

Note, — The  reaction  is  only  quantitative  at  the  boil. 

It  is  usual  to  make  the  uranium  solution  of  such  a  strength  that 

lc.c.  =  -005gm.  P2O5. 

Under  the  above  conditions,  50  c.cs.  of  the  KHgPO^  solution  should  require 
20  c.cs.  of  uranium  solution.  Calculate  the  amount  of  water  to  add  and 
dilute  in  the  usual  way. 

2.  Detenniiiatioiui  of  phosphoric  acid  are  made  in  an  exactly  similar  manner, 
but  the  solution  must  be  of  approximately  the  same  concentration  as  the 
phosphate  against  which  the  uranium  was  standardised.  If  mineral  acids 
or  their  salts  are  present  it  is  necessary  to  add  10  c.cs.  of  10  %  ammonium 
acetate  solution  to  each  volume  to  be  titrated. 

The  most  usual  determinations  of  phosphoric  acid  are  in  phosphatic 
manures.  In  this  case  it  is  advisable  to  standardise  the  uranium  against 
calcium  phosphate. 

The  uranium  solution  for  this  purpose  is  usually  made  of  such  a  strength 
that  1  c.c.  represents  1  %  of  soluble  phosphate  (calculated  as  Ca3(P04)2), 
when  1  gm.  of  the  fertiliser  is  taken  for  analysis.  This  is  accomplished  as 
follows : 

Exactly  5  gm^  of  purest  pptd.  tri-calcium  phosphate  are  dissolved  in  the 
minimum  of  dilute  hydrochloric  acid,  ammonia  added  dropwise  till  a  per- 
manent ppt.  just  forms,  and  then  excess  of  acetic  acid.  The  whole  is  made 
up  to  a  litre. 

50  c.cs.  of  this  solution  =•  0*25  gm.  Ca3(P04)2. 

The  titration  is  carried  out  by  taking  50  c.cs.  of  this  solution,  adding  10 
c.cs.  of  10  %  ammonium  acetate  solution,  running  in  \iranium  solution  in  the 
cold  and  finishing  at  the  boil  as  already  described.  The  uranium  solution  in 
the  Giles  flask  is  now  diluted  so  that  25  c.cs.  will  be  required  for  50  c.cs.  of 
the  above  solution. 

Since  25  c.cs. =0-25  gm.  calcium  phosphate,  the  number  of  c.cs.  of 
uranium  solution  required  will  represent  the  percentage  of  soluble  calcium 
phosphate  when  1  gm.  of  a  sample  is  taken  for  analy^s. 

3.  Detennination  of  "  soluble  phosphate  "  in  ''  superphosphate."— Exactly 
10  gms.  of  the  sample  are  gently  rubbed  in  a  glass  mortar  with  water  till 
of  the  consistency  and  smoothness  of  cream.  Wash  into  a  500  c.c.  flask  and 
continue  the  genUe  rubbing  and  washing  till  it  has  all  been  transferred.  Make 
up  to  500  c.cs.  Shake  thoroughly  for  some  time,  filter  through  a  d/ry  filter 
into  a  dry  vessel,  rejecting  the  first  few  c.cs.  of  filtrate.  Transfer  50  c.cs. 
( =  I  gm.  of  the  sample)  to  a  beaker,  add  anmionia  till  a  permanent  ppt.  forms, 
redissolve  in  acetic  acid,  add  ammonium  acetate  and  titrate  exactly  as  before. 
Repeat  twice  more. 

1  c.c.  uranium  solution  =  1  %  **  soluble  phosphate." 

Note. — If  much  iron  or  aluminium  be  present  the  above  method  is  useless. 
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as  ferric  and  aluminic  phospliates  are  insoluble  in  acetic  acid.  Gravimetric 
methods  are  necessary  in  this  case  (see  pp.  212-3). 

4.  Determination  of  the  hardness  of  water  {Clarke's  method). — ^The  hard- 
ness is  pptd.  by  a  soap  solution  of  known  strength. 

(i)  Preparation  of  the  soap  sciution, — Put  10-12  gms.  of  Castile  soap  into 
a  litre  flask  and  dissolve  in  500  c.cs.  of  methylated  spirit  (redistilled  industrial 
spirit).    Make  up  to  a  litre  and  shake. 

(ii)  Stofidardisation  of  the  soap  solution. — ^Weigh  out  exactly  1  gm.  of 
purest  calcium  carbonate  (a  clear  odourless  crystal  of  Iceland  spar),  dissolve 
it  in  dilute  HCl  in  a  basin  covered  with  a  clock-glass.  Rinse  the  cover  into 
the  basin  and  evaporate  dry  on  the  water-bath.  Repeat  after  adding  some 
distilled  water.  Dissolve  residue  in  distilled  water,  make  up  to  a  litre  and 
shake. 

1  c.c.  contains  the  equivalent  of  1  mgm.  of  CaCO,. 

To  15  c.cs.  of  this  solution  in  a  glass-stoppered  bottle  add  55  c.cs.  of 
distilled  water.  Add  the  soap  solution  from  a  burette  I  c.c  at  a  time,  shak- 
ing thoroughly  after  each  addition.  When  a  lather  which  lasts  for  longer 
than  30  seconds  is  obtained,  add  the  soap  half  a  c.c.  at  a  time,  shaking  as 
before.  The  titration  is  finished  when  a  lather  is  obtained  which  lasts  for 
two  minutes.  Repeat  twice.  Calculate  how  much  to  dilute  the  soap  solu- 
tion so  that  10  c.cs.  of  the  calcium  solution  will  require  16  c.cs.  of  the  soap 
solution. 

[Experiment  shows  that  70  c.cs.  of  distilled  water  require  1  c.c.  of  the  soap 
solution  to  give  a  permanent  lather.    Hence  the  extra  c.c] 

(iii)  Determination  of  the  hardness  of  water. 

(a)  Total  hardness. — Titrate  70  c.cs.  of  the  water  exactly  as  above.  Sub- 
tract 1  c.c.  from  the  volume  of  soap  required.  The  result  gives  the  number 
of  grains  per  gallon  of  total  hardness  (say  x). 

{b)  Permanent  hardness. — ^Boil  about  150  c.cs.  of  the  water  (counterpoised 
in  a  flask)  for  20  minutes.  Cool  and  make  up  to  the  original  volume  with 
distilled  water.  If  a  visible  ppt.  has  formed,  filter  through  a  dry  filter,  rej  ecting 
the  first  few  c.cs.  Titrate  70  c.cs.  as  before  and  subtract  1  c.c.  from  the 
volume  of  soap.  The  result  is  the  number  of  grains  per  gallon  of  permanent 
hardness  (say  y). 

The  temporary  hardness  is  obviously  x-y. 

Note. — ^This  method,  though  quick  and  convenient,  is  not  scientifically 
accurate.  The  manner,  in  which  the  soap  solution  is  added  makes  a  vast 
difference  to  the  titration.  Hence  altvays  add  it  in  the  same  way  and  at  the 
same  rate. 

To  express  the  hardness  on  the  French  scale  (parts  per  100,000)  use  100  c.cs. 
instead  of  70  c.cs.,  and  subtract  1*5  c.cs.  from  the  burette  readings. 
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CHAPTER  IV. 
OXIDATION  METHODS. 

A.    ,».1P.^P«.«»«^ 

In  presence  of  excess  of  sulphuric  acid,  the  equation  representing  the  oxidising 
action  of  permanganate  is : 

2KMn04 + 3H^04  =  K^04  +  2MnS04  +  SHfi + 50. 

Thus  1  mol.  of  permanganate  supplies  5  equivalents  of  oxygen. 

Hence  —  permanganate  will  contain  — ^~  *  =  3*16  gms.  per  litre,  corre- 
sponding to  0-8  gm.  of  available  oxygen. 

Anything  quantitatively  oxidised  by  permanganate  in  presence  of  sulphuric 
acid  may  thus  be  determined,  the  permanganate  being  its  own  indicator. 
The  least  excess  is  perceived  by  the  permanent  pink  colour. 

1.  Prei»aration  and  standardisation  of  the  pennanganaie.— If  accuracy  be 

desired  it  is  better  to  standardise  the  solution,  as  even  if  the  purest  crystals 

obtainable  be  weighed  out  exactly ^  the  solution  will  in  the  course  of  a  few  hours 

inevitably  deteriorate  owing  to  unavoidable  introduction  of  organic  dust, 

etc.,  which  reduces  it.    If  required  at  once  (as  in  an  examination)  3*16  gms. 

N 
may  be  weighed  out,  dissolved  and  made  up  to  a  litre  and  regarded  as  — r 

for  a  short  time. 

Weigh  out  about  3*2  gms.  of  purest  potassium  permanganate.  Qrind  in 
a  glass  mortar  with  50  c.cs.  of  distilled  water.*  AUow  to  settle  and  pour  the 
clear  solution  through  a  funnel  into  a  litre  flask  (or  take  about  3*5  gms.  and 
make  up  to  1100  c.cs.  in  a  Giles  flask).  Continue  till  the  whole  has  dissolved 
and  been  transferred.  Finally  make  up  to  the  mark,  stopper,  shake  and  leave 
24  hours  at  least. 

Standardise  by  one  of  the  following  methods : 

N  N        .       .    . 

(i)  With  r^  oxdUc  acid, — ^Measure  out  25  c.cs.  of  —  oxalic  acid  into  a  flask. 

Add  10  c.cs.  of  4  N.  sulphuric  acid.    Heat  to  about  90°  and  titrate  with  the 
permanganate  till  a  permanent  pink  colour  is  obtained. 

(N,B. — If  a  brown  ppt.  of  hydrated  manganese  dioxide  forms,  insufficient 
sulphuric  acid  is  present  and  the  titration  must  be  rejected.) 

*  Otherwiae  the  solution  of  the  orystalB  is  very  alow  and  tedious. 
247 
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Since  H2C2O4  +  (0)  =  2CO2 + H^O, 

N  N 

1  c.c.  —  oxalic  acid  =  '00316  gm.  =  l  c.c.  r^;,  KMn04. 

Calculate  and  dilute  in  the  usual  way. 

N 
(ii)  By  —ferrous  solution. — 

Use  ferrous  ammonium  sulphate,  Fe(NH4)2(S04)2 .  6H2O. 

2KMn04  +  10FeS04  +  SHjSO*  =  Fe2(S04)  3 + K2SO4  +  2MnS04 + 8H2O. 

From  the  above  equation  0-8  gm.  oxygen  oxidises  5  584  gms.  of  iron  from 

ferrous  to  ferric  state.    Hence  we  make  up  an  iron  solution  such  that  a  litre 

N  ... 

contains  5-584  gms.  of  ferrous  iron.    This  will  be  r^  towards  oxidismg  agents. 

Weigh  out  exactly  3-921  gms.  of  purest  ferrous  ammonium  sulphate. 
Dissolve  in  cold  freshly-boiled  approximately  N.  sulphuric  acid,  without 
shaking  violently.    Make  up  to  100  c.cs. 

N 
Titrate  25  c.cs.  at  a  time  with  the  permanganate.    25  c.cs.  of  —  perman- 
ganate will  be  required.    Calculate  and  dilute  as  usual. 

N  .  N 

1  c.c.  jTi  KMn04  = -005584  gm.  iron.  =  1  c.c  jrr  ferrous  solution. 

Note. — ^The  ferrous  solution  cannot  be  kept. 

N 
(iii)  By  r^  thiosul/phUe. — (See  under  this  solution.) 

N 
The  following  may  be  determined  by  the  use  of  —  KMnOf. 

2.  Detenmnation  of  iron* — If  in  the  ferrous  state  determine  just  as 
described  under  standardisation  by  means  of  ferrous  ammonium  sulphate. 

Note. — It  is  essential  to  avoid  oxidation  during  solution  of  the  substance. 
This  can  be  done  by  dissolving  in  cold  freshly-boiled  dilute  sulphuric  acid. 

In  case  of  a  substance,  such  as  native  ferrous  carbonate,  which  requires 
heat  to  dissolve  it,  solution  should  be  carried  out  in  a  graduated  flask  fitted 
with  a  bunsen  valve,  or  with  a  delivery  tube  which  dips  into  a  beaker  containing 
boiling  dilute  sulphuric  acid.  On  cooling,  the  latter  is  drawn  into  the  flask. 
The  flow  is  stopped  when  the  volume  (^awn  in  is  just  below  the  mark  by 
closing  a  clip  on  the  rubber  connection.    Cool  before  diluting  to  the  mark. 

Iron  in  iron  wire,  etc.,  cannot  be  accurately  determined  by  means  of  per- 
manganate, owing  to  the  formation  of  unsaturated  hydrocarbons,  etc.,  during 
solution. 

Chlorides  may  not  be  present  except  in  very  small  amounts,  owing  to  the 
oxidising  action  of  permanganate  on  them.* 

If  the  iron  is  in  the  ferric  state  it  must  first  be  reduced  to  ferrous : — 

(a)  By  nascent  hydrogen. — Sufficient  separate  aliquot  parts  of  the  solution 
having  been  placed  in  separate  flasks,  the  reduction  is  performed  by  treating 

*  The  effect  of  chlorides  may  be  overcome  by  adding  some  manganoas  sulphate 
before  titrating. 
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with  excess  of  4N.  sulphuric  acid  and  adding  pieces  of  pure  zinc  (foil  best), 
till  the  solution  gives  no  test  for  ferric  iron  (test  a  drop  withdrawn  on  a  glass 
rod  with  thiocyanate).  Wait  till  any  remaining  zinc  has  dissolved.  The 
method  is  slow  and  tedious. 

(h)  By  ammonium  bisulphite. — Prepare  this  as  described  on  p.  28,  Book  I. 
Raise  the  ferric  solution  to  the  boil,  and  add  the  bisulphite  slowly,  boiling 
gently  all  the  time  till  a  slight  excess  is  present.  Add  some  dilute  sulphuric 
acid  till  this  excess  has  been  destroyed.  (Smell  of  sulphur  dioxide  disappears  ; 
test  steam  with  litmus  paper.)  After  cooling  dilute  to  required  volume  with 
air-free  water. 

(c)  By  hydrogen  sulphide. — Boil  the  solution  in  a  flask  fitted  with  a  cork 
carrying  two  tubes,  one  reaching  nearly  to  the  bottom,  the  other  just  passing 
through  the  cork.  Meanwhile  pass  hydrogen  sulphide  through  the  solution 
by  attaching  the  longer  tube  to  the  kipp.  When  reduction  is  complete  boil 
off  excess  of  hydrogen  sulphide  in  a  current  of  carbon  dioxide.  (Test  issuing 
steam  with  lead  acetate  paper.)  Cool  in  the  current  of  carbon  dioxide  and 
make  up  to  required  volume  with  boiled  distilled  water  and  sulphuric  acid. 

Ferrous  and  ferric  iron  together  are  determined  by  first  titrating  the 
ferrous  iron,  then  reducing  the  whole  to  the  ferrous  state  and  titrating  the 
total  i^on.  The  difference  gives  the  ferric  iron.  Usually  this  determination 
will  be  with  a  mineral,  as  spathic  ore.  It  must  be  very  finely  powdered  in  an 
agate  mortar  and  dissolved  as  already  described  in  dilute  sidphuric  acid  with 
all  precautions  against  oxidation. 

3.  Detennination  of  oxalic  aoid  and  oxalates. — The  titration  is  carried 
out  as  described  under  standardisation  of  permanganate  by  oxalic  acid. 

1  c.c.  ^  KMnO4  =  -0044  gm.  0,04 

=  -0045gm.  H^CA- 
Iron  and  oxalic  acid  together,  as  in  the  determination  of  ferrous  oxalate, 
may  be  determined  by  first  titrating  both  the  ferrous  iron  and  the  oxalic  acid. 
The  iron  is  then  oxidised  in  another  aliquot  part  of  the  solution  by  boiling 
and  adding  strong  nitric  acid  dropwise  tiU  the  di^rk  brown  colour  disappears. 
The  boiling  is  continued  until  the  excess  of  nitrous  acid  is  all  driven  off,  cooled 
and  the  oxalic  acid  titrated.  The  difference  between  this  and  the  total 
permanganate  used  gives  that  used  for  the  iron. 

4.  Detennination  of  hydrogen  peroxide. 

2KMn04  +  5H2O,  +  3H28O4  =  K^04  +  2MnS04 + SOj + 811,0. 

Titrate  in  the  presence  of  sulphuric  acid  in  the  cold.    From  the  equation 

N 
we  see  that  1  c.c.  —  KMn04  -  001701  gm.  HjO,. 

5.  Determination  of  nitrites. 

2KMn04 + SNaNOj  +  SR^O^  =  K,804  +  2MnS04  +  3H,0 + SNaNO,. 

As  the  sulphuric  acid  necessary  cannot  first  be  added  to  the  nitrite  owing  to 
the  instability  of  nitrous  acid,  and  as  the  reaction  in  neutral  solution  is  in- 
definite, the  nitrite  solution  is  delivered  from  the  burette  into  a  measured 
volume  of  permanganate  to  which  sulphuric  acid  has  been  added.    The 
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most  accurate  results  are  obtained  by  adding  the  sulphuric  acid  gradually 
as  the  nitrite  is  added,  keeping  the  acid  in  slight  excess.  Towards  the  end 
the  reaction  is  rather  slow,  and  the  nitrite  solution  should  be  added  slowly. 

Indirect  Determinations, 

6.  Determination  of  calcium. — ^The  calcium  is  pptd.  as  oxalate.  The  ppt. 
is  filtered,  washed,  decomposed  with  sulphuric  acid  and  the  free  oxalic  add 
titrated. 

The  solution  of  the  calcium  salt  is  rendered  alkaline  with  ammonia,  acid 

with  acetic  add,  and  raised  to  the  boil.    The  calcium  is  pptd.  by  adding  boiling 

anmionium  oxidate  drop  by  drop  till  in  slight  excess.    Allow  to  settle,  decant 

through  a  filter,  and  finally  bring  the  ppt.  on  to  the  filter  and  wash  with  boiling 

water  till  the  washings  no  longer  react  with  calcium  chloride  solution  or,  after 

N 
acidifying  with  sulphuric  acid  and  heating,  with  one  drop  of  —  permanganate. 

Place  the  funnel  in  the  neck  of  a  graduated  flask,  make  a  small  hole  in 
the  filter,  and  pour  on  to  the  ppt.  hot  dilute  sulphuric  acid.  The  ppt.  must 
.  be  completely  washed  off  the  filter.  A  little  dilute  hydrochloric  acid  may  be 
used  if  necessary,  but  is  not  really  desirable. 

Finally  cool,  make  up  to  the  required  volume  with  dilute  sulphuric  acid 

and  titrate  aliquot  parts  with  permanganate  at  80^-90°. 

N 
1  C.C.  —  KMn04  =  •002003  gm.  Ca. 

The  determination  may  be  otherwise  carried  out  by  pptg.  the  calcium 
with  a  weighed  excess  of  ammonium  oxalate  exactly  as  described  above.  Filter, 
wash  thoroughly,  make  up  filtrate  and  washings  to  a  known  volume,  and 
titrate  the  excess  of  ammonium  oxalate  with  permanganate.  Hence  the 
weight  that  has  reacted  with  the  calcium  is  obtained. 

7.  Determination  of  peroxides* — ^Manganese  dioxide,  red  lead,  or  lead 
peroxide  will  oxidise  oxalic  acid,  thus : 

MnOa + H^04  +  HjCjO^ = MnSO^  +  2HjO  +  2CO2. 
Pb304  +  3H^04  +  HaC,04 = 3PbS04  +  ^H^O  +  2C0,. 

Weigh  out  about  0*35  gm.  of  finely-powdered  pyrolusite.    Transfer  to  a 

graduated  100  c.c.  flask,  together  with  either  exactly  1*26  gms.  of  pure  oxalic 

N 
acid  crystals  (H2C2O4,  2H2O)  (equivalent  to  100  c.cs.  of  r^  oxalic  acid)  or  10 

CCS.  of  (accurately)  N.  oxalic  acid,  and  a  sufficient  excess  of  sulphuric  acid. 
Heat  gently  on  a  sand-bath  till  the  reaction  is  complete  (evolution  of  CO2 
ceases),  cool«  make  up  to  100  c.cs.  and  titrate  the  excess  of  oxalic  acid  with 

T^  permanganate  in  an  aliquot  part. 

1  c.c.  ^  H,C204=  004347  gm.  MnO^. 
^^  =-03428    gm.  Pb804. 

=  01196    gm.PbO,. 
Amounts  of  red  lead  or  of  lead  dioxide  should  be  weighed  out  corre- 
sponding to  the  weight  of  manganese  dioxide  recommended. 
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8.  Detennination  of  penrnlphates. 

K^aOg  +  2FeS04  =  K2SO4  +  Fe^CSOJa- 

N 
Treat  a  weighed  amount  of  the  persulphate  with  about  twice  as  much  r^ 

ferrous  solution  as  is  necessary  for  the  above  reaction.  Add  some  freshly- 
boiled  dilute  sulphuric  acid  (4N)  and  boil  in  a  current  of  carbon  dioxide  for 
10  minutes.  Cool,  make  up  to  a  known  volume  with  cold  boiled  dilute 
sulphuric  acid  and  titrate  an  aliquot  part  with  permanganate.  The  excess 
of  ferrous  iron  is  thus  determined,  and  hence  the  amount  used  in  the  above 
reaction. 

N 
1  c.c.  — r  ferrous  solution  = -009707  gm.  B-^fi^. 

^^  =-013516  gm.Kg3a08. 

—01141    gm.(NH4)A08. 

9.  Detenniiiation  of  peroarbonates. — ^If  a  percarbonate  is  treated  with  cold 
very  dilute  sulphuric  acid, 

K^CaOe  +  2H,S04  =  2KHSO4  +  200,  +  HjO^. 

The  hydrogen  peroxide  is  titrated  with  permanganate  as  akeady  described. 

1  c.c.  ^  KMn04  = -00991  gm.  KjC^Oe. 

N 
B.    Use  of  =7:  Potassium  Dichromaie. 
10 

Potassium  dichromate  in  acid  solution  oxidises  as  follows : 
KjCr  jOy  +  8Ha  =  2Cra,  +  2Ka  +  iRfi  +  30. 

N 
Hence  one  molecule  supplies  six  equivalents  of  oxygen.    :^  dichromate  there- 

K  Or  0 
fore  will  contain     ^  ^   ^=6-570  gms.    Exactly  this  weight  of  the  finely 

ground  purest   salt   obtainable  is  transferred  to  a  litre  flask,  dissolved  in 

some  hot  water,  and  after  solution  is  complete,  made  up  to  1000  c.cs. 

As  dichromate  can  be  obtained  in  as  pure  a  state  as  the  substance  used 

to  standardise  it,  this  process  will  be  unnecessary.    It  may,  however,  be 

N 
standardised  by  ferrous  ammonium  sulphate  if  desired,  or  by  —  thiosulphate 

iq.v.). 

Owing  to  the  green  colour  of  the  chromium  salt  produced  on  reduction  of 
the  dichromate,  it  cannot  act  as  its  own  indicator. 

As  dichromate  is  chiefly  used  for  determining  iron,  we  employ  an  outside 
indicator,  viz.  potassium  ferricyanide.  Drops  of  this  solution  are  treated 
from  time  to  time  with  a  drop  of  the  solution  being  titrated.  As  long  as  any 
ferrous  salt  is  left,  a  blue  colour  will  be  produced,  but  as  soon  as  the  oxidation 
is  complete,  the  brown  colour  of  ferric  ferricyanide  is  obtained. 

1.  Detenniiiation  of  iron  in  haematite. — ^About  two  grams  of  the  very 
finely-powdered  mineral  are  transferred  by  means  of  a  funnel  to  a  250  c.c. 
flask.  Hot  strong  hydrochloric  acid  is  dropped  slowly  into  the  funnel  to  wash 
into  the  flask  all  traces  of  the  mineral.    About  70  c.cs.  of  the  acid  are  now 
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added  and  the  flask  heated  on  a  water-bath  till  solution  is  complete.  (The 
addition  of  a  gram  of  stannous  chloride  facilitates  the  solution.)  The  ferric 
chloride  is  now  reduced  to  the  ferrous  state  by  means  of  stannous  chloride. 
An  aliquot  part  is  heated  to  about  80^  and  stannous  chloride  solution  is  run 
in  from  a  burette,*  half  a  c.c.  at  a  time,  till  the  solution  is  colourless.  Excess 
of  stannous  chloride  is  now  destroyed  by  adding  several  c.cs.  of  mercuric 

N 
chloride,  after  which  it  is  titrated  with  rrr  dichromate  until  a  drop  of  the 

liquid,  withdrawn  on  a  glass  rod  and  placed  in  contact  with  a  d^op  of  potas- 
sium ferricyanide  on  a  tile,  no  longer  gives  a  blue  colour. 

Students  are  apt  to  have  difficulty  at  first  with  this  most  accurate  method. 
A  few  of  the  errors  iifto  which  they  iaXL  are  here  described  in  detail. 

(1)  The  ferricyanide  solution  must  contain  no  trace  of  ferrocyanide,  which 
gives  a  blue  colour  with  ferric  salts.  Hence  thoroughly  wash  a  crystal  of  ferri- 
cyanide with  distilled  water  before  dissolving  it.  Dust,  etc.,  will  reduce 
ferricyanide  to  ferrocyanide. 

(2)  The  tile  on  which  the  drops  of  indicator  are  placed  should  be  scrupu- 
lously clean  for  similar  reasons. 

(3)  The  glass  rod  with  which  drops  of  the  solution  are  withdrawn  from  the 
vessel  must  be  washed  under  the  tap  after  every  test. 

(4)  Care  should  be  taken,  if  the  titration  is  done  in  a  flask,  that  none  of  the 
solution  is  left  on  the  neck  of  the  flask  in  withdrawing  a  test  drop.  Otherwise 
some  ferrous  salt  will  inevitably  be  left  there,  and  there  is  danger  of  continu- 
ing to  carry  out  some  of  it  on  the  rod  long  after  the  titration  is  really 
finiBhed. 

(5)  Anything  more  than  a  very  smali  excess  of  stannous  chloride  must  be 
avoided,  or  there  is  danger  that  insufficient  mercuric  chloride  will  be  added  to 
destroy  it,  as  this  salt  is  not  very  soluble  in  water. 

1  c.c.  ^  KaCrjjO,- -005084  gm.  Fe. 

NoU. — Stannous  chloride  is  by  far  the  most  convenient  reducing  agent  for  ferric  salts. 
It  cannot  be  used  for  permanganate  because  of  introducing  hydrochloric  acid.  The 
presence  of  this,  however,  does  not  affect  the  dichromate. 

2.  Detenmnation  of  iron  in  iron  wire,  etc.— About  05  gram  of  iron  wire, 

free  from  rust,  is  dissolved  in  excess  of  hydrochloric  acid  in  a  100  c.c.  flask, 

with  suitable  precautions  against,  oxidation  as  described  under  permanganate, 

p.  248.    After  making  up  to  100  c.cs.  with  air-free  water,  25  c.cs.  at  a  time  are 

N    . 
titrated  with  r^  dichromate,  as  already  described. 

3.  Ferrous  iron  in  the  presence  of  ferric  iron  is  determined  similarly  to  the 
method  used  for  its  determination  with  permanganate,  p.  248,  except  that 
stannous  chloride  may  be  used  as  the  reducing  agent. 

n 

C.    Use  of  r^  Ferroos  Sdntion. 

Anything  that  oxidises  ferrous  salts  quantitatively  to  ferric  salts  may  be 

*  By  adding  the  reducing  agent  from  a  burette,  care  is  only  necessary  for  the  first 
portion.    Other  aliquot  parts  may  be  treated  at  once  with  the  required  volume. 
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N 
detennined  by  allowing  excess  of  —  ferrous  solution  to  act  upon  it  and  deter- 

mining  the  excess  of  ferrous  salt  by  means  of  —  dichromate.    These  methods 

are  little  used,  however,  because : 

(a)  Standard  ferrous  solution  cannot  be  kept. 

(b)  Other  methods  are  available  which  are  more  easily  carried  out. 
Two  determinations  only  are  here  described. 

1.  Detennination  of  ohromio  acid  and  ohromates. — The  solution  of  the 

chromic  acid  or  chromate  in  dilute  sulphuric  acid  is  treated  with  excess  of 

N  . 

freshly-prepared  —  ferrous  ammonium  sulphate  and  the  excess  titrated  with 

N  ^^ 

1  c.c.  —  ferrous  solution  = '003333  gm.  CrOg 
^^  =-003867  gm.Cr04. 

2.  Detenmnation  of  chromium  in  chromiie. — ^About  0*5  gm.  of  the  very 

findy-potpdered  mineral  is  thoroughly  mixed  in  a  platinum  crucible  with  about 

4  gms.  of  a  mixture  of  1  part  potassium  chlorate  and  3  parts  of  fusion  mixture 

and  heated  over  the  blowpipe  for  20  minutes.    Dissolve  the  product  in  hot 

water,  boil,  cool  and  add  hydrochloric  acid  to  dissolve  the  iron  oxide.    Dilute 

N 
to  100  CCS.  in  a  graduated  flask,  and  to  25  c.cs.  add  excess  of  —  ferrous  solution. 

N    .  ^^ 

Titrate  the  excess  with  j^  dichromate. 

N 
1  CO.  —  ferrous  solution  = -001733  gm.  Or. 

3.  Valuation  of  zinc  dost 

3Zn  +  KjCrjO,  +  7H2SO4 = 3ZnS04  +  K4SO4  +  Cr2(S04)8  +  7H2O. 

Weigh  out  about  0*5  gm.  of  zinc  dust,  transfer  to  a  250  c.c.  flask,  and  add  100 

N 
CCS.  of  ^  KjCr^O,.    Render  strongly  acid  with  sulphuric  or  hydrochloric 

acid,  and  when  the  action  is  complete  dilute  to  250  c.c.  with  distiUed  water. 

N 
Run  this  solution  from  a  burette  into  10  c.cs.  of  —  ferrous  solution  and  thus 

determine  the  amount  of  dichromate  left.    From  the  amount  used  by  the 

zinc  the  weight  of  zinc  in  the  sample  can  be  calculated. 

N 
1  c.c  -  K2Cr207  = -006537  gm.  zinc 

N  N 

D.    Use  of  rg  Iodine  and  —  Sodium  Thiosniphaie. 

A  solution  of  iodine  (best  in  potassium  iodide  solution)  reacts  quantitatively 
with  thiosulphate  as  follows  : 

Ij  +  2Na2S203  =  2NaI  +  ^A^fi^- 
The  end  of  the  reaction  is  seen  by  the  disappearance  of  the  colour  of  the 
iodine  solution,  or  more  accurately  by  using  some  starch  solution  as  indicator, 
the  blue  iodide  of  starch  acting  on  thiosulphate  in  the  same  way  as  free  iodine. 
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Hence  anytldng  which  either : 

(a)  Oxidises  hydriodic  acid  quantitatively  to  iodine,  or 

(6)  Is  oxidised  quantitatively  by  iodine,  can  be  determined. 

n 

1.  Freparatioh  of  the   solations.    (a)  —  Iodine,    1  =  126*92. — Exactly 

12*692  gms.  of  chemically  pure  iodine  are  weighed  out  in  a  st9ppered  weighing 
bottle,  and  transferred  to  a  litre  flask,  washing  out  the  weighing  bottle  several 
times  with  potassium  iodide  solution.  25  gms.  of  potassium  iodide  in  100  c.cs. 
of  water  are  now  added,  and  the  flask  shaken  thoroughly  till  all  the  iodine  has 
dissolved.  This  usually  takes  some  time.  Then  make  up  to  a  litre  with 
freshly-boiled  cold  distilled  water  and  shake  well.  Preserve  in  a  well-stoppered 
bottle  in  a  cool,  dark  cupboard. 

n 

(b)  —  Thiofulphaie*  Na^SaOs*  SH^O =248*2.— Thiosulphate  cannot  generally 

be  obtained  chemically  pure.    Hence  weigh  out  roughly  28-29  gms.,  dissolve 

in  cold  freshly-boiled  distilled  water  in  the  1100  c.c.  Giles  flask,  and  titrate 

N  .    .  . 

against  the  rrr  iodine,  using  starch  solution  as  indicator.    (Do  not  add  the 

starch  solution  till  the  colour  of  the  iodine  is  pale  straw-colour.)    Calculate 

N 
and  dilute  to  —  as  usual.    Preserve  in  the  dark  in  well-stoppered  bottles. 

Iodine  solution  prepared  and  kept  as  above  keeps  well,  but  the  thio- 

sulphate  should  be  frequently  re-titrated. 

N 
1  c.c.  YR  thiosulphate  = '012692  gm.  iodine. 

(c)  Preparation  of  the  starch  solution.— About  a  gram  of  the  best  potato 
starch  is  made  into  a  thin  cream  with  a  few  c.cs^  of  water  and  poured  into  100 
CCS.  of  boiling  water.  Filter  and  use  at  once.  About  5  c.cs.  should  be  used 
for  each  titration.  It  is  more  convenient  to  use  one  of  the  forms  of  "  soluble 
starch  "  which  are  now  on  the  market. 

Other  Methods  of  standardising  thiosulphate. 

The  methods  now  to  be  described  are  exceedingly  accurate,  and  if  desired 
it  is  well  to  standardise  the  thiosulphate  thus  and  to  use  it  to  standardise 
the  iodine. 

N  N 

2.  By  jj  KJBtfiy  or  K]ln04.— 25  c.cs.  of  -r  KjCrgOy  or  KMn04  are  run 

into  about  25  c.cs.  of  5  %  potassium  iodide  solution,  and  acidified  strongly 

with  acetic  or  dilute  hydrochloric  acid.    An  amount  of  iodine  is  thus  liberated 

N 
corresponding  to  25  c.cs.  of  —  iodine.    Titrate  with  the  thiosulphate,  adding 

starch  solution  towards  the  end  of  the  reaction. 

Remember  that  the  solution,  when  dichromate  is  used,  toUl  he  green  at  the 
finish.  ^  ^ 

n 

3.  By  r^  potasaiiim  bi-iodate. — This  salt  is  readily  obtained  in  a  high 
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state  of  purity.    On  adding  to  potassium  iodide  and  rendering  acid,  the 
following  reaction  occurs : 

fflOj + 6HI = 3HaO + 3I2. 

Hence  1  mol.  of  the  salt  liberates  12  equivalents  of  iodine. 

ElIO     HIO 

Therefore  weigh  out  ^'^ ?= 3-2496  gms.,  dissolve  in  water  and 

make  up  to  a  litre. 

26  CCS.  of  this  solution,  added  to  26  c.cs.  of  6  %  potassium  iodide  and 

acidified  with  acetic  or  dilute  sulphuric  acid,  liberates  iodine  equivalent  to 

N 
26  c.cs.  of  — r  iodine. 

Titrate  with  the  thiosulphate  to  be  standardised. 

Esiimationi  by  means  of  ^  thiosnlphate. 

4.  Determination  of  strengtk  of  chlorine  or  bromine  water.— A  measured 

volume  (6  c.cs.  usually  sufficient)  is  run  from  a  burette  into  20  c.cs.  of  6  % 

N 
potassium  iodide  and  titrated  with  r^:  thiosulphate,  using  starch  solution  as 

usual.  ^^ 

N 
1  c.c.  —  thiosulphate  =  -003646  gm.  chlorine 

1^  =  -007992  gm.  bromine. 

6.  Valuation  of  bleaching  powder. — ^About  10  gms.  are  accurately  weighed 
from  a  weighing  bottle,  transferred  to  a  mortar  and  ground  up  with  60  c.cs. 
of  water.  Allow  to  settle  somewhat  and  pour  the  milky  liquid  into  a  litre 
flask.  Continue  the  grinding  and  decanting  with  more  water  till  the  whole 
is  transferred  to  the  flask.    Make  up  to  1000  c.cs.  and  shake. 

Transfer  26  c.cs.  to  a  flask  containing  20  c.cs.  of  6  %  potassium  iodide,  and 

render  acid  with  acetic  acid.    The  liberated  chlorine  turns  out  an  equivalent 

amount  of  iodine  from  the  iodide,  which  is  titrated  in  the  usual  way  with 

N 

jzr  thiosulphate. 

Calculate  the  percentage  weight  of  "  avMlable  chlorine  "  in  the  specimen. 

In  case  of  a  poor  specimen  it  may  be  necessary  to  take  60  c.cs.  for  each 
titration. 

Note, — The  flask  containing  the  solution  of  bleaching  powder  should  be 
thoroughly  shaken  immediately  before  the  aliquot  part  is  withdrawn,  and  the 
milky  liquid  is  pipetted  out.    It  should  not  be  allowed  to  settle. 

Other  hypochlorites  are  similarly  estimated. 

6.  Determination  of  chromic  acid  and  chromates. — ^These  are  determined 
just  as  described  under  standardisation  of  thiosulphate  by  dichromate. 

7.  Valuation  of  pyrolosite. — ^About  -6  gm.  of  pyrolusite,  finely  powdered,  is 
transferred  to  the  flask  shown  in  Fig.  58,  by  means  of  a  funnel  and  a  little 
cold  concentrated  hydrochloric  acid.  In  the  flask  a  few  grams  of  magnesite 
(native)  have  been  previously  placed,  and  in  the  two  U -tubes  potassium 
iodide  solution.  The  first  U-tube  contains  about  2-6  gms.  of  iodide  in  16  c.cs. 
of  water,  the  second  one  about  16  cos.  of  6  %  iodide.    The*level'of  the 
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solutions  in  each  should  not  be  higher  than  shown  in  the  sketch.    The  U.-tubes 
are  cooled  in  water  to  prevent  volatilisation  of  the  iodine. 

The  flask  is  immediately  connected  to  the  apparatus  by  the  ground-in 
joint,  and  heated  on  a  gauze  with  a  smaU  flame.  The  evolution  of  chlorine 
should  not  be  too  rapid.  The  magnesite  supplies  a  gentle  stream  of  carbon 
dioxide  throughout  the  process,  which  sweeps  all  the  chlorine  out  of  the 
flask.    When  the  action  is  over  boil  the  contents  of  the  flask  for  a  few  minutes 


Fig.  58. 

to  drive  all  chlorine  out  of  solution.    Rinse  the  U -tubes  into  a  100  c.c.  flask, 

washing  them  several  times.    Finally  make  up  to  100  c.cs.  and  titrate  the 

N 
liberated  iodine  with  —  thiosulphate. 

Since  Mn02«Cl,«I„  ^^ 

/.  1  C.C.  --  thiosulphate  =  -004346  gm.  MnOj. 

Other  peroxides  may  be  similarly  determined  if  they  react  quantitatively 
with  hydrochloric  acid. 

8.  Detennination  of  copper. — In  the  absence  of  other  substances  acting 
on  potassium  iodide,  copper  may  be  determined  by  the  following  reaction  : 

2OUSO4  +  4KI  =  CujIj  4- 12  +  2K2SO4. 

Weigh  out  about  2  gms.  of  copper  sulphate.    Dissolve  and  make  up  to  100 

N 
c.cs.    Add  25  c.cs.  at  a  time  to  20  c.cs.  of  5  %  iodide  and  titrate  with  jz: 

thiosulphate  without  Altering,  using  starch  as  indicator. 

N 
1  c.c.  —  thiosulphate  =  -006357  gm.  of  copper. 

Note. — The  reaction  at  the  end  is  rather  slow,  owing  to  the  fact  that 
Culj,  first  formed,  does  not  decompose  completely  in  the  presence  of  iodine 
(mass  action),  and  the  blue  Qolour  reappear?  after  it  has  disappeared,  the  time 
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for  reappearance  becoming  longer  progressiyely.  Hence,  for  the  highest  accu- 
racy the  thiosulphate  for  this  determination  should  be  "'standardised"  against 
pure  copper  sulphate,  and  the  disappearance  of  the  blue  colour  for  a  definite 
period,  say  1  minute,  taken  as  the  end,  both  in  standardising  and  estimating. 

9.  Fenio  chloride  may  be  similarly  determined,  but  the  completion  of  the 
reaction  is  very  tedious  and  the  method  is  not  recommended.  It  saves  reduc- 
tion to  the  ferrous  state,  however,  necessary  with  permanganate  and  dichromate. 

10.  DetenninatUm  of  dinohred  oxygen  in  water  (Winkler's  method),  Rideal 
and  Stewart^  Analyst,  xzvi\  141. — ^This  estimation  is  one  of  the  methods 
adopted  in  water-analysis.  If  the  dissolved  oxygen  is  below  the  normal, 
contamination  with  organic  matter  may  be  suspected. 

The  principle  is  to  treat  the  water  with  manganous  hydroxide,  which  is 
oxidised  by  the  dissolved  oxygen  to  MnOj.    This  on  treatment  with  KI  and 

N 
HCl  sets  free  an  equivalent  amount  of  iodine,  which  is  titrated  with  —  thio- 
sulphate. 

A  stoppered  bottle  of  about  300  c.cs.  capacity  (accurately  determined) 
is  filled  with  the  water  and  1  c.c.  of  a  40  %  solution  of  manganous  chloride 
(free  from  iron)  is  introduced  to  the  bottom  of  the  bottle  by  a  long-stemmed 
pipette.  This  is  followed  by  3  c.cs.  of  a  32  %  solution  of  pure  caustic  soda, 
which  contains  10  %  of  potassium  iodide. 

The  stopper  is  put  in  (no  air  to  be  included)  and  the  contents  thoroughly 
mixed,  shaken,  and  alloweid  to  stand  till  the  ppt.  has  settled.  Now  add  3  c.cs. 
of  pure  concentrated  hydrochloric  acid  by  means  of  the  pipette.  Again  stopper 
the  bottle  and  shake.  Set  aside  for  5  minutes  and  finfdly  titrate  the  liberated 
iodine  in  the  usual  way. 

1  c.c.  r^  thiosulphate  « '0006  gm.  oxygen. 

H 

Use  of  T^  Iodine. — It  is  to  be  noted  that  most  oxidations  with  iodine  are 

more  or  less  incomplete  if  theoretical  quantities  are  taken,  owing  to  the 
reverse  action  taking  place.  This  makes  the  reaction  very  slow  at  the  end, 
and  it  is  quicker  in  nearly  every  case,  besides  being  more  accurate,  to  add 
excess  of  iodine  and^titrate  the  excess  with  thiosulphate. 

If  desired,  however,  most  of  the  following  may  be  titrated  with  iodine, 
first  adding  starch  solution.  The  appearance  of  a  permanent  blue  colour 
is  taken  as  the  end-point. 

11.  Determination  of  snlphnroiui  acid. — ^Here  it  is  necessary  not  only  to  use 

excess  of  iodine,  but  to  add  the  sulphurous  acid  to  the  iodine,  not  vice  versa, 

N 
Usually  the  acid  will  require  diluting  to  approximately  —  strength.    A 

rough  trial  may  first  be  made.    Finally  run  an  aliquot  part  of  the  diluted 

solution  into  excess  of  —  iodine,  add  starch  solution  and  titrate  the  excess' 

with  thiosulphate. 

N 
1  C.C.  —  iodine  =  -004104  gm.  HjSOa 

^^  —004003  gm.  SOy 

SulphiteB  may  be  similarly  determined. 

17 
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12.  Detennmation  of  hydrogen  sulphide  in  solution.— This  may  be  titrated 

N 
with  -^  iodine  and  starch  solution. 

N 
1  C.C.  j^  iodine  =  -001704  gm.  H^. 

13.  Determination  of  arsenic. — Arsenious  acid  is  oxidised  by  iodine  to 
arsenic  acid. 

HjAsOs  +  Ig  +  HjO  =  2HI  +  H3ASO4. 

This  reaction  is  reversible  in  acid  solution,  and  alkali  must  not,  of  course, 

be  present.    Hence  the  titration  is  performed  in  the  presence  of  excess  of 

sodium  bicarbonate,  e,g. 

Valuation  of  As^Qs. — ^Weigh  out  about  1*2  gms.  of  the  specimen  and 

dissolve  it  in  the  minimum  of  caustic  soda  solution  in  a  250  c.c.  flask.    Render 

acid  with  dilute  hydrochloric  acid,  having  added  a  drop  of  phenolphthalein 

as  indicator.    Now  add  a  cold  saturated  solution  of  sodium  bicarbonate 

till  present  in  some  excess.    If  the  red  colour  of  the  phenolphthalein  re- 

N      .      .    .   . 
appears,  add  —  acid  till  it  is  just  decolorised.    (Most  specimens  of  bicarbonate 

contain  traces  of  the  normal  carbonate.)    Finally  make  up  to  250  c.cs.  and 

N 
titrate  26  c.cs.  at  a  time  with  —  iodine,  or  heUer,  add  excess  of  iodine  and 

titrate  back  with  thiosulphate. 

N 
1  c.c.  —  iodine  =  -004948  gm.  As^Og 

^^  = -003748  gm.  As. 

14.  Determination  of  antimony. — ^Antimony  in  the  -oua  state  may  be  deter- 
mined in  a  precisely  similar  manner  to  that  described  for  arsenic,  and  the 
same  observations  apply  to  the  reaction. 

N 
1  c.c.  —  iodine =-00721  gm.  SbjOj 

^^  =-00601  gm.Sb. 

The  antimony  in  tartar  emetic  may  be  determined  as  an  example.  Dissolve 
a  suitable  quantity  in  water,  add  some  excess  of  bicarbonate  (rendered  exactly 
neutral  to  phenol-phthalein  as  before,  if  necessary).  Titrate  with  iodine,  or 
excess  of  iodine  and  thiosulphate. 

E.  Use  of  r^  Arsenious  Add. 

Substances  which  oxidise  arsenious  acid  quantitatively  to  arsenic  acid 
may  be  determined  by  its  use.  As  indicator  strips  of  filter  paper  dipped  in  a 
starch  and  potassium  iodide  solution  and  dried  are  used.  The  arsenious 
acid  solution  is  prepared  from  pure  As^Os,  and  standardised  if  necessary, 
exactly  as  described  under  the  estimation  of  arsenic,  p.  258. 

EXAMPLES. 

1.  Determination  of  bleaching  powder. — ^The  bleaching  powder,  dissolved 
as  described  on  page  255,  is  titrated  with  the  arsenious  acid  in  presence  of 
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excess  of  sodium  bioarbonate,  which  should  be  added  to  each  aliquot  part 

as  necessary.    From  time  to  time  a  drop  is  withdrawn  on  a  glass-rod  and 

brought  on  to  a  strip  of  the  starch-iodide  paper.    When  a  blue  colour  no 

longer  appears  the  hypochlorite  has  all  been  destroyed  and  the  reaction  is 

finished. 

N 
1  c.c.  rrr  arsenious  acid  =  '003546  gm.  available  chlorine. 

2.  Detemiiiiation  of  chlorine  or  bromine  water. — ^Either  of  these  may  be 
directly  titrated  with  arsenious  add.  The  addition  of  bicarbonate  is  un- 
necessary in  these  cases.    The  indicator  is  used  as  in  the  previous  experiment. 

N 
1  c.c.  j^  arsenious  acid  =  -003546  gm.  a.  =  -007992  gm.  Br. 

N  .  . 

Note. — ^The  use  of  —  arsenious  acid  may  mean  the  saving  of  much  time  on 

occasion,  as  by  using  purest  resublimed  As^Os  it  can  be  prepared  in  a  few 
minutes.  If  iodine  and  thiosulphate  are  not  at  hand,  their  preparation  and 
standardisation  take  some  time. 
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CHAPTER  V. 

COLOBIHETRIC  METHODS. 

This  method,  which  is  used  chiefly  for  estimating  small  amounts  of  substances 

which  give  strongly  coloured  solutions,  consists  in  matching  the  depth  of  tint 

of  the  liquid  to  be  estimated  with 
that  of  a  standard  liqtdd.  It  is  a 
great  advantage,  though  not  abso- 
lutely necessary,  to  have  an  instru- 
ment which  by  a  suitable  optical 
arrangement  shows  the  two  tints 
side  by  side  in  the  same  field  of 
view. 

Dnbosa's  colorimeter  is  here  de- 
scribed (Kg.  59). 

The  vessels  A,  A'  contain  the 
liquid  under  examination  and  the 
standard  with  which  it  is  to  be 
compared.  By  lowering  or  raising 
tubes  B,  B'  the  depths  of  liquid 
through  which  the  light  travels  can 
be  altered.  When  the  tints  match, 
the  two  concentrations  are  obviously 
inversely  proportional  to  the  depths 
of  liquid. 

The  reflector  R  must  be  evenly 
illuminated  by  diffused  light,  and 
the  rays  of  ^ght  are  reflected  into 
the  eyepiece  as  shown,  the  beam 
passing  through  each  liquid  affecting 
half  the  field  of  view. 

To  use  the  instrument,  put  some 
of  the  standard  liquid  in  A^  and 
some  of  the  liquid  to  be  examined  in 
A\    There  should  not  be  so  much  of 

either  liquid  as  to  cause  it  to  overflow  when  B  and  B*  are  lowered  to  the 

bottom  of  A  and  A'. 

The  zero  is  now  found  by  lowering  B  and  V  to  the  bottom  of  A  *and  A' 

and  reading  the  verniers.    Then  raise  B  to  a  suitable  height  (the  tint  should 
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not  be  too  deep  nor  too  pale ;  each  observer  will  suit  himself)  and  then  B'  is 
raised  till  the  tints  match.  The  verniers  are  again  read.  Repeat  several 
times,  and  again  repeat  with  B  at  different  heights. 

If  c  is  the  concentration  of  the  substance  in  the  standard,  c'  that  in  the 
liquid  being  examined,  and  d  and  d'  are  the  respective  depths  of  liquids  which 
match  in  tint,  then 

e^    d 

c^d' 

The  following  determinations  may  be  made  by  the  colorimeter. 

Ammonia. — ^The  nitrogen  present  as  ammonia  in  sewage  or  natural  water 
is  estimated  thus.    The  reagents  required  are : 

(i)  Ne88ler*s  reagent. — To  a  cold  solution  of  mercuric  chloride  of  known 
strength  add  exactly  the  required  amount  of  potassium  iodide  to  ppt.  Hgl, 
completely.  Allow  to  settle,  decant,  wash  the  ppt.  several  times  with  a  little 
distilled  water  and  then  dissolve  in  the  correct  quantity  of  potassium  iodide. 
Excess  of  alkali  is  then  added.    Suitable  quantities  are  : 

HgClj  -        -    12  gms.  in  100  c.cs.  of  water. 
KI      -        -    Two  lots  of  7*4  gms.  each. 
KOH  -        -    16  gms  in  15  c.cs.  of  water. 

Finally  dilute  to  about  200  c.cs.  and  set  aside.  Decant  into  a  clean  bottle 
and  preserve  in  the  dark. 

(ii)  Standard  ammonia  soliUion, — ^Dissolve  exactly  3'1366  gms.  of  pure 
dry  NH4CI  and  make  up  to  a  litre  with  ammonia-free  water.  Dilute  10  0.049. 
k  of  this  to  a  litre  with  the  same  water. 

1  c.c  contains  0*01  mgm.  of  NH3. 

(iii)  Ammonia-free  water, — ^DistU  spring  or  distilled  water  with  a  little 
pure  sodium  carbonate  (heated).  Reject  the  first  quarter  and  test  the  rest 
of  the  distillate  from  time  to  time  with  Nessler's  reagent  till  no  colour  is 
apparent  after  10  minutes.  Collect  in  a  clean  bottle  and  preserve  for  use. 
(Do  not  continue  the  distillation  to  dryness.) 

The  estimation  is  carried  out  by  stirring  and  shaking  a  suitable  amount 
of  the  water  to  be  tested  with  2  c.cs.  of  saturated  soda  solution.  A  suitable 
quantity  of  this  is  transferred  to  the  colorimeter  vessel,  and  mixed  thoroughly 
with  2  c.cs.  of  Nessler's  reagent.  5  c.cs.  of  the  standard  ammonium  solution 
are  diluted  to  a  known  volume  (say  100  c.cs.)  treated  with  the  soda  and 
Nessler  as  above  and  placed  in  the  other  vessel.  After  standing  for 
10  minutes  the  tints  are  matched. 

Note. — (i)  The  colour  of  the  solution  being  estimated  should  not  be  much 
darker  than  the  standard  ammonia  solution.  If  this  is  the  case  then  less 
water  must  be  taken  for  the  determination.  On  the  other  hand,  if  the  colour 
is  very  faint  it  may  be  necessary  to  concentrate  some  of  the  water  (50  c.cs. 
are  distilled  off  after  adding  2  c.cs.  of  the  soda  solution). 

(ii)  For  all  dilutions,  etc.,  ammonia-free  water  must  be  used. 

For  farther  particulars  of  this  method,  see  treatises  on  Water  Analysis. 
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Nitrites  (employed  for  nitrites  in  drinking  water,  etc.). — Griesihllosvay 
method  (Warington,  J.C.S.,  1881,  231). 

Reagents. — (i)  Dissolve  half  a  gram  of  sulphaniiic  acid  in  150  c.cs.  of  dilute 
acetic  acid. 

(ii)  Dissolve  0*1  gm.  a-naphthylamine  in  a  little  strong  acetic  acid  and 
the  colourless  solution  mixed  with  130  c.cs.  of  dilute  acetic  acid. 

(iii)  Standard  nitrite  solution, — ^Pure  NaNOj  is  dissolved  in  pure  water  so 
that  1  C.C.  contains  '01  mgm  of  NgO,. 

Compare  the  tints  of  solutions  containing 

(a)  10  c.cs.  of  the  standard,  1  c.c.  each  of  the  reagents,  in  100  c.cs.  of 
solution. 

(b)  A  suitable  amount  of  the  liquid  to  be  tested  and  1  c.c.  each  of  the 
reagents,  in  100  c.cs.  of  solution. 

Note, — Colour  should  not  be  developed  for  at  least  a  minute  or  the  solution 
is  too  strong.    Leave  for  20  minutes  before  testing. 

Cobalt  (Skey's  method.  See  Mellor,  Tr,  Eng,  Cer.  Soc,,  1908,  8,  132).— 
The  colour  of  Co(CNS)2  produced  on  adding  NH4CNS  to  a  cobalt  salt  and 
extracting  with  a  mixture  of  alcohol  and  ether  is  made  use  of. 

The  standard  solution  of  cobalt  sulphate  contains  0-1  mgm.  of  cobalt  per 
c.c.  A  suitable  amoimt  is  taken,  acidified  with  a  few  drops  of  dilute  sulphuric 
acid  and  a  mixture  of  alcohol  and  ether  added  and  shaken.  Compare  the 
tint  with  that  of  the  solution  being  examined,  which  is  treated  similarly. 
Iron  must  be  absent. 

Copper  (Carnelly,  C.N.,  xxxii.  308). — The  purple-brown  colour  obtained 
when  potassium  ferrocyanide  is  added  to  very  dilute  copper  solutions  is 
employed.  (One  must  be  quite  certain  that  the  colour  is  wholly  due  to 
copper  I) 

Standard  solution. — Dissolve  0*395  gm.  of  pure  CUSO4,  6Kfi  in  a  litre  of ' 
solution.    1  c.c.  =0*1  mgm.  Cu. 

Reagents, — 10  %  solution  of  ammonium  nitrate. 

4  %  solution  of  potassium  ferrocyanide. 

Place  5  drops  of  the  ferrocyanide  in  a  graduate,  add  150  c.cs.  of  water 
and  10  c.cs.  of  the  standard  solution. 

Treat  a  measured  amoimt  of  the  solution  to  be  examined  (which  must  be 
exactly  neutral)  in  the  same  way.    Compare  the  tints. 

Iron  (Thomson,  J.G.S,,  1885,  493) .-—Suitable  for  iron  in  mineral  waters, 
etc. 

Standard  solution, — 0*7  gms.  of  pure  ferrous  ammonium  sulphate  is  dis- 
solved in  water,  acidified  with  dilute  H2SO4,  oxidised  by  adding  pure  chlorine 
water  till  present  in  slight  excess,  boiling  off  the  chlorine  and  diluting  to  a 
litre.     1  c.c.  =0*1  mgm.  of  iron. 

The  solutions  are  prepared  for  matching  by  placing  5  c.cs.  of  dilute  HCl, 
15  c.cs.  of  dilute  ammonium  thiocyanate  and  a  suitable  amoimt  of  the  solutions 
of  iron  in  each  of  two  vessels.  Dilute  to  100  c.cs.  (or  other  convenient  volume) 
and  match  the  tints. 

Other  substances  determined  for  technical  purposes  by  colour  methods 
are  titanium,  chromium,  carbon  in  steel,  etc.,  for  which  technical  works  may 
be  consulted. 
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It  must  be  borne  in  mind  that  all  colour  estimations  are  accurate  only 
when  it  is  absolutely  certain  that  all  the  colour  is  due  to  the  substance  being 
determined. 

Many  chemists  do  not  use  a  colorimeter  for  the  above  estimations,  pre- 
ferring to  make  an  equal  volimie  of  standard  solution  of  the  same  tint  as 
the  solution  bekig  examined.  This  involves  the  preparation  of  several  such 
solutions,  whereas  one  only  is  necessary  if  a  colorimeter  is  available. 
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PART  IV. 
GAS  ANALYSIS. 

CHAPTER  I. 

ABSORPTION  METHODS. 

Two  methods  are  in  general  use  for  the  analysis  of  gases. 

(1)  Absorption  methods,  in  which  the  gas  to  be  determined  is  absorbed  in 
a  suitable  reagent  and  the  diminution  in  volume  measured. 

(2)  Oombiution  inethodi » in  which  a  combustible  gas  is  burnt  or  sparked 
with  excess  of  oxygen  and  its  volume  (or  its  formula,  if  that  is  being  sought) 
determined  from  the  chsinges  in  volume  that  take  place. 

In  addition  to  these  methods,  many  substances  are  determined  by  measur- 
ing the  volume  of  gas  evolved  in  some  reaction,  e.g.  nitric  acid  by  causing  it 
to  act  on  mercury  and  measuring  the  nitric  oxide  evolved.  These  methods, 
which  are  not  strictly  gas  analyses,  but  analyses  by  means  of  gas  measure- 
ments, are  known  as  gasometrio  determinationi. 

Absorption  methods. — There  are  numerous  designs  of  apparatus  on  the 
market  for  the  measurement  and  absorption  of  gases.  Three  only  will  be 
described  here,  viz,,  those  of  Bunte,  Hempel  and  Tollen, 

A.  The  Bnnte  gas  bnrette  is  very  simple  in  construction  and  in  use, 
and  the  same  vessel  serves  both  for  measuring  the  gases  and  treating  them 
with  absorbents.  With  care  and  practice  results  quite  as  accurate  as  with 
more  elaborate  apparatus  are  obtained,  and  in  addition  the  burette  itself  may 
be  used  with  other  absorption  apparatus,  such  as  Hempel's  and  Dreschmidt's 
pipettes,  if  desired. 

The  burette  and  the  suction  bottle  used  with  it  are  shown  in  Fig-  60. 
The  graduated  portion  holds  about  110  c.cs.,  the  zero  mark  being  in  the  position 
shown.  It  is  customary  to  take  exactly  100  c.cs.  of  gas  for  analysis,  and  the 
decreases  in  volume  are  then  read  directly  and  give  the  volume  percentages 
of  the  constituents  without  further  calculation.  It  should  be  noted  that  all 
measurements  are  assimied  to  be  made  at  the  same  temperature  and  pressure. 

Filling  the  burette, — Connect  a  funnel  to  F  by  means  of  a  long  rubber  tube. 
Raise  the  funnel,  open  tap  E,  and  turn  D  so  that  A  is  connected  to  C.  Pour 
water  into  the  funnel  till  the  burette  and  the  bore  of  the  tap  and  capillary  C 
are  full  of  water.  CarefuUy  remove  all  air  bubbles.  Now  connect  A  and  B 
and  by  raising  the  funnel  suitably,  fill  5  to  the  mark.    To  fill  the  burette  with 
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gas  connect  0  to  the  source  of  gas  by  a  thick-walled  capillary  tube  Med  with 
water.  Connect  C  and  A,  open  E  and  lower  the  funnel  till  about  105  c.cs. 
of  gas  have  been  drawn  in.  Now  close  both  taps  and  remove  the  funnel  and 
rubber  tube. 

The  gas  in  this  burette  is  always  measured  at  a  pressure  equal  to  that  of 
the  atmosphere  +  the  column  of  water  in  B.  To  measure  exactly  100  c.cs. 
of  gas  at  this  pressure,  proceed  as  follows : 

Water  is  put  in  the  suction  bottle  /S,  and  by  opening 
the  cork  and  blowing  into  Z,  the  tube  and  the  rubber 
connection  are  completely  filled  with  water.  Now  con- 
nect M  to  J^,  open  F  and  M ,  and  by  blowing  into  L  and 
carefully  squeezing  the  pinch  cock  M ,  bring  the  water 
level  in  the  burette  to  zero.    Close  M . 

We  have  now  100  c.cs.  of  gas  at  room  temperature, 
but  at  a  pressure  above  the  required  pressure.  To  attain 
this  pressure,  M  is  cautiously  opened  until  the  water 
level  in  £  is  about  0*2  c.cm.  below  zero.  Close  Af ,  and 
by  turning  tap  D  connect  A  with  B,  The  excess  of  gas 
bubbles  out  through  the  water  in  B,  and  a  small  quantity 
of  vmterfrom  B  enters  A,  This  is  the  reason  for  taking 
100*2  c.cs.  of  the  gas  at  the  higher  pressure.  If  the  exact 
small  excess  volume  has  been  properly  judged,  the  water 
level  will  now  stand  exactly  at  zero. 

This  small  allowance  will  only  be  found,  of  course, 
after  a  few  preliminary  trials,  but  once 
found  there  is  no  further  trouble.    With 
most  Bunte  burettes  it  is  exactly  0*2  c.cm. 

Note. — Before  reading  the  volume  in 
any  gas  burette  where  water  is  the  con- 
fining liquid,  a  definite  time  should  always 
he  allowed  for  the  burette  to  drain.  Three 
minutes  is  a  suitable  time,  arui  is  readily 
measured  with  an  ordinary  "  egg-boiler  " 
sand-glass.  Turn  the  glass  immediately 
the  pressure  is  adjusted,  and  as  soon  as  the 
sand  has  run  out,  take  the  reading.  The 
necessity  for  this  can  easily  be  shouon  by 
a  trial. 

The  gas  in  the  burette  is  now  ready  for  analysis. 

To  introduce  an  absorbent. — First  suck  the  water  out  of  the  burette  by 
connecting  to  the  suction  bottle  as  before  and  sucking  at  tube  L,  opening 
M  and  E.  Do  not  allow  gas  to  enter  the  bore  of  the  tap  E  ;  close  E.  Remove 
the  bottle,  dip  F  into  some  of  the  reagent  in  a  basin,  and  on  opening  E  the 
reagent  is  drawn  into  the  burette.  Close  E,  and  holding  the  burette  horizon- 
tally by  B  and  F,  with  the  thumbs  on  the  taps  to  prevent  them  from  falling 
out,  gently  shake  the  reagent  for  5  or  10  minutes. 

On  no  account  warm  the  burette  itself  by  holding  it  in  the  hand. 

When  absorption  is  complete,  remove  the  reagent  by  means  of  the  suction 
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bottle  and  close  E.  Rinse  the  reagent  from  the  walls  of  the  burette  by 
cautiously  opening  D  and  allowing  a  little  water  to  flow  down.  Remove  this 
as  before  and  repeat.  Close  D  and  fill  £  to  the  mark  with  water.  Dip  F 
under  water  in  a  basin  and  open  E,  Finally  close  E,  connect  A  and  B  for  a 
moment  and  leave  burette  to  drain  for  3  minutes.    Read  the  volume. 

Other  absorbents  are  introduced  similarly,  save  that  as  the  volume  of  the 
gas  gets  less  it  may  become  necessary  to  withdraw  the  water  or  reagent  from 
the  burette  by  means  of  the  filter-pump.  This,  however,  must  be  used 
cautiously,  being  attached  to  tube  L  of  the  suction  botUe. 

N.B. — In  analysing  gases  containing  carbon  dioxide,  tDOier  saturated  with 
carbon  dioxide  must  be  used  as  the  confining  liquid  until  the  carbon  dioxide 
has  been  absorbed.     It  is  then  replaced  by  distilled  water. 

Abflorbentl. — ^The  reagents  used  for  absorbing  various  gases  are  shown 
below. 

Carbon  dioxide. — Caustic  potash  (1  part  in  2  of  water). 

Oxygen. — Sodium  hyposulphite,  Na2S204  (very  slightly  alkaline), 
or  Solid  phosphorus  (sticks  in  special  pipette), 
or  Alkaline  pyrogallol  solution, 
or  Chromous  chloride. 

The  last  named  is  very  tiresome  to  prepare  and  use,  but  it  is  necessary 
only  when  hydrogen  sulphide  is  present. 

Carbon  monoxide. — Dissolve  10  gms.  of  cuprou*  chloride  in  a  little  saturated 
ammonium  chloride  solution  and  dilute  to  50  c.cs.  with  strong  ammonia. 
(This  reagent  also  absorbs  oxygen.)  Its  absorptive  power  for  carbon  monoxide 
is  not  very  large.  (The  above  quantities  will  absorb  with  certainty  about 
15  c.cs.  of  CO  per  c.c.) 

Ethylene^  acetylene^  and  homdogues. — Bromine  water. 

Benzene  and  toluene  vapours. — Bromine  water. 

Nate, — Usually  the  gaaee  absorbed  bv  bromine  water  are  grouped  together  as  **  heavy 
hydrocarbons  *'  and  are  not  separately  determined. 

Nitrogen. — ^Always  estimated  by  difference. 

In  analysing  a  nuxture  of  gases  it  is  necessary  to  observe  the  correct  order 
of  using  the  reagents.  E.g.  in  estimating  oxygen  in  a  mixture  of  nitrogen, 
oxygen  and  carbon  dioxide,  it  is  incorrect  first  to  absorb  the  oxygen  with 
alkaline  pyrogallol,  as  this  would  also  absorb  the  carbon  dioxide. 

Examples  of  Analyses  with  the  Bunte  burette. 

1.  Air. — Determine  the  percentage  of  oxygen  by  absorbing  it  with  hypo- 
sulphite (best)  of  alkaline  pyrogallol. 

The  percentage  of  carbon  dioxide  is  too  small  to  estimate  accurately  in 
100  c.cs.    Result  should  show  about  20-5-20*6  %  oxygen. 

2.  Expired  air  from  the  Imigi.  CSarbon  dioxide,  oxygen,  nitrogen. — 
Collect  over  water  saturated  with  carbon  dioxide.  Absorb  the  gases  in  the 
above-named  order.  Replace  the  carbonic  acid  water  with  pure  water  after 
removal  of  the  carbon  dioxide. 

3.  Flue  gases.  Carbon  dioxide,  oxygen,  carbon  monoxide,  nitrogen.— 
Collect  over  carbonic  acid  water.  Absorb  in  above  order,  repladng  the 
carbonic  add  water  with  pure  water  after  removal  of  the  carbon  dioxide. 
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B.  The  Hempel  bnrette  and  pipettes. — ^A  simple  form  of  Hempel's  burette 
is  shown  in  Fig.  61,  which  explains  itself. 

The  burette  holds  as  a  rule  exactly  100  c.cs.  The  gas  may  be  confined 
over  water  or  mercury,  and  is  measured  at  atmospheric  pressure  by  means 
of  the  levelling  tube.    To  fill  the  burette,  open  B  and  connect  ^  to  £  by 
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turning  B  to  the  necessary  position.  Pour  water  into  L  till  it  is  about  half 
full  and  raise  Z  so  as  to  fill  >1  with  water.  Fill  also  the  bore  of  the  tap  B 
and  the  capillary  E  with  watCT,  then  connect  L  and  D  and  likewise  fill  the 
bore  of  the  tap  and  the  capillary  D  with  water. 

To  fill  with  gas,  place  L  on  the  ground,  connect  B  to  the  source  of  the 
gas,  open  B  and  connect  L  and  0.    Water  runs  from  A  to  L  and  draws  the 


Digitized  by 


Google 


268 


TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 


gas  after  it.  Bring  to  atmospheric  pressure  by  raising  L  slowly  till  the  bore 
of  the  tap  C  is  just  full  of  water.  Close  G  and  B,  The  burette  now  contains 
100  CCS.  of  gas  at  atmospheric  pressure. 

The  reagents  are  each  contained  in  a  separate  pipette.    The  simplest 
form  is  that  shown  in  Fig.  62.    The  reagent  is  poured  in  at  ^,  with  clip  at  E 


Fig.  64. 

open.  When  bulb  C  is  full  the  reagent  is  gently  blown  over  into  the  capillary 
by  blowing  in  at  ^,  till  it  is  full  up  to  a  mark  near  the  rubber  connection. 
Do  not  let  the  reagent  touch  the  rubber.    Bulb  B  shoiild  be  empty. 

All  connections  between  burettes,  pipettes,  etc.,  must  be  made  of  stout 
rubber  tubing,  wired  on.    The  necessary  connections  are  usually  made 
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Fig.  66. 


through  stout  glass  capillary  (thermometer)  tubing.  The  ends  of  capillaries 
shoiild  meet  inside  the  rubber  connection. 

The  necessary  connection  between  burette  and  pipettelis  made  by  means 
of  a  capillary  bent  twice  at  right  angles.  It  should  be  filled  with  water  before 
making  the  connection,  and  so  also  shoiild  the  rubber  tubing  on  the  burette 
and  pipette.    The  complete  apparatus  is  shown  in  Fig.  63. 

The  gas  is  transferred  from  burette  to  pipette  by  raising  £,  opening  tap  £, 
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and  taming  C  to  connect  A  and  L.    (Fig.  61.)    Continue  until  water  is  just 
beginning  to  flow  into  the  pipette.    Close  all  taps.    Shake  the  pipette  (without 
disconnecting  it)  till  absorption  is  complete,  and  draw 
the  gas  back  into  the  burette  by  lowering  L  and  opening 
the  taps,  till  the  reagent  in  the  pipette  again  reaches  the 
mark  on  the  capillary. 

Note, — In  this  way  the  capillary  remains  full  of  the 
gas.  The  error  introduced  is  small  and  for  ordinary  pur- 
poses may  be  disregarded. 

If  the  highest  accuracy  is  desired,  the  Dreschmidt 
pipette  may  be  used.  In  this  the  capillary  is  fitted  with 
a  three-way  tap.  (See  Fig.  64.)  The  reagent  is  drawn 
up  to  this  tap,  unthatU  aUowvng  any  to  enter  the  bore,  and 
the  tube  T  is  then  dipped  into  a  basin  of  water  (mercury, 
etc.)  the  tap  turned  to  connect  with  the  burette,  and  the 
gas  in  the  connecting  capillary  drawn  over  into  the  burette 
with  liquid  from  the  basin. 

Hempel's  pipettes  similarly  fitted  with  a  three-way 
tap  can  be  obtained  from  most  firms  supplying  gas 
apparatus. 

A  fresh  pipette  is  of  course  necessary  for  each  reagent. 

Hempel's  compound  pipette,  for  containing  reagents 
that  are  aSected  by  the  air,  is  shown  in  Fig.  65.  The 
reagent  is  contained  in  A^  B  is  empty,  G  is  filled  with 
reagent  and  D  is  empty.  The  liquid  in  C  thus  protects 
the  main  reagent  from  the  air. 

A  pipette  for  solid  reagents  is  shown  in  Fig.  66.  The 
solid  is  introduced  into  the  bulb  through  A^  and  the 
tubulus  corked  up  securely.  This  pipette  is  used  to  con- 
tain sticks  of  phosphorus  for  oxygen  determination.  It 
is,  of  course,  filled  up  with  water  in  the  usual  manner 
after  introducing  the  phosphorus. 

It  is  also  very  advantageous  to  use  this  pipette  for 
potash  for  carbon  dioxide  absorption.  The  large  biilb 
is  filled  with  little  rolls  of  wire  gauze  or  with  broken 
glass,  which  when  wet  with  potash  oSer  a  very  large 
surface  to  the  gas.  Thus  the  absorption  is  complete  in 
a  few  moments  without  shaking. 

Note, — ^All  shapes  of  Hempers  pipettes  are  obtainable  fitted  with  stop-cocks,  which 
are  far  preferable  to  the  raboer  connection  and  pinoh-cock.  Also  the  three-way  tap 
above  described  should  be  obtained  if  possible,  so  that  the  Hempel  pipette  may  be  used 
in  the  same  manner  as  the  Dreschmidt  pipette. 

The  warning  not  to  allow  reagente  to  enter  the  stop-cocks  is  here  repeated. 

C.  The  ToDen's  gas  burette.— This  burette  (Fig.  67)  is  very  simple  in 
construction  and  principle,  depending  on  the  use  of  a  piston  to  draw  in  the 
absorbents.    Its  advantages  are  as  follows : 

(1)  Rapid  working. 

(2)  Simplicity. 
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(3)  No  confining  liquids  required.  Hence  no  error  in  the  initial  volume 
of  gas  due  to  absorption  is  introduced. 

Its  most  serious  drawback  is  that  the  percentages  of  gases  to  be  absorbed 
must  not  exceed  a  certain  obvious  Umit,  viz.  that  of  the  lowest  graduation  on 
the  stem. 

To  use  the  burette,  oil  the  piston,  which  should  work  easily.  (The  fit 
may  be  adjusted  by  the  nut  n.)  Fill  with  the  gas  to  be  analysed  by  drawing 
up  the  piston  above  the  side-tube  r,  to  which  the  rubber  hand-bellows  supplied 
with  the  instrument  is  attached.  The  iron  tube  for  the  flue  or  furnace  from 
which  the  gas  is  to  be  taken  is  attached  to  jet  (2,  and  gas  is  drawn  into  the 
butette  by  working  the  bellows.  Now  close  tap  t  and  push  the  piston  down  till 
it  just  closes  the  side-tube  c.  Disconnect  and  transfer  to  water  at  constant 
temperature  in  a  vessel  of  sufficient  size  to  allow  of  the  inmiersion  of  the 
burette  to  the  zero  mark  b.  Leave  for  some  minutes.  In  future  the  burette 
unU  only  be  touched  above  the  zero  mark  for  obvums  reasons. 

To  obtain  100  c.cs.  of  gas  at  atmospheric  pressure,  open  tap  t  and  hold 
burette  so  that  the  level  of  water  outside  is  at  mark  a.  Push  down  the  piston 
till  the  lower  edge  of  the  nut  n  is  at  zero  mark  b.    Close  tap. 

Dip  d  into  a  basin  containing  some  of  the  necessary  reagent  (these  to  be 
employed  in  the  correct  order  as  already  indicated)  and  draw  a  few  c.cs.  into 
the  burette  by  opening  t  and  raising  the  piston.  When  absorption  is  complete, 
expel  the  reagent  and  draw  in  water  with  which  the  burette  is  rinsed.  Repeat 
two  or  three  times,  finally  expel  the  water  to  the  mark  a  so  that  the  pressure 
is  atmospheric,  as  before. 

Note, — ^The  student  should  now  be  in  a  position  to  understand,  without 
further  description,  other  makes  of  absorption  apparatus,  such  as  Onat's, 
AUen's,  Winkler's,  etc.  It  may  be  stated  that  most  of  these  are  for  the 
purpose  of  flue  and  furnace  gas  analysis,  and  are  supplied  in  a  readily  portable 
form. 
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In  analysing  such  things  as  coal-gas,  the  non-absorbable  residue  will  contain 
hydrogen  and  methane.  These  are  most  easily  determined  by  first  burning 
the  hydrogen  and  then  the  methane.  This  fr&c- 
tional  combustion  is  carried  out  by  passing  the 
gases,  mixed  with  air,  through  a  capillary  tube 
(Fig.  68)  containing  a  small  roll  of  palladiumised 
asbestos.  (These  tubes  may  be  purchased  from 
the  usual  sources.) 

To  carry  out  an  analysis,  the  non-absorbable  residue  consisting  of  hydrogen, 
methane  and  nitrogen  is  mixed  with  excess  of  air.    This  is  carried  out  as 
f^\  follows.     Usually  far  too  much  gas  will  be 

SpjO  left  in  the  burette  to  allow  of  excess  of  air 

entering,  so  after  measurement  of  its  volume 
all  the  gas  except  about  20-25  c.cs.  is  driven 
out  of  the  burette  by  raising  the  levelling 
tube  and  connecting  the  burette  with  the 
open  air  through  E,  (Pig.  61 .)  The  volume 
remaining  is  now  measured  at  atmospheric 
pressure  in  the  usual  way.  By  now  lowering 
L  and  again  connecting  the  burette  with 
the  air,  about  70-76  c.cs.  of  air  are  drawn 
in,  the  tap  B  closed,  and  the  volume  again 
measured  at  atmospheric  pressure.  The 
volume  of  air  drawn  in  is  thus  measured. 
Now  connect  the  burette  to  a  pipette 
^_^  containing  water  by  means  of  the  palladium 
r~^  capillary.     Heat  the  palladium  to  400**  C. 

-^^    (a  spirit-lamp  is  just  right)  and  when  hot 

yjg^g  pass  the  gas  very  slowly  from  burette  to 

pipette  and  back  again,  an  no  account 
aXbmng  toater  to  enter  the  capillary.  Repeat  once  more.  Measure  the  con- 
traction.   From  the  equation 

2H,  +  0,=2H,0 
we  see  that  }  of  this  contraction  is  due  to  disappearance  of  hydrogen.    Cal- 
culate ff om  this  the  volume  of  hydrogen  in  the  totai  original  volume  of  non- 
absorbable residue. 
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The  methane  is  now  determined  by  disconnecting  the  palladium  capillary 
and  connecting  the  burette  to  a  Winkler  combustion  pipette  (Fig.  69).  This 
is  simply  a  Hempel  pipette  for  solids,  fitted  with  two  leads  joined  inside  the 
bulb  by  a  spiral  of  platinum  wire.  The  large  bulb  and  capillary  are  filled 
with  water. 

Connect  the  terminals  to  a  battery  of  sufficient  voltage  to  heat  the  platinum 
coil  to  redness.  Switch  on  the  current  first  *  and  then  pass  the  gas  slowly 
over  into  the  pipette.  As  soon  as  the  water  leaves  the  platinum  wire  the 
latter  glows  and  combustion  starts.  Pass  the  gas  in  gradually  till  it  is  all 
transferred  to  the  pipette.  Switch  off  the  current  and  leave  some  time  for 
the  gas  to  cool.  Draw  the  gas  again  into  the  burette  and  without  measuring 
the  contraction  pass  it  over  into  a  potash  pipette  to  absorb  the  carbon  dioxide. 
Now  transfer  to  the  burette  and  measure  the  total  contraction.  From  the 
equation  CH4  +  202=C02  +  2H20  it  is  seen  that,  as  the  substances  on  the 
right-hand  side  have  been  removed,  i  of  the  total  contraction  is  methane. 
Hence  calculate  the  volume  of  methane  in  the  whole  of  the  non-absorbable 
residue.  The  nitrogen  in  the  non-absorbable  residue  is  now  obtained  by 
difference. 

Examples  of  analyses  by  the  Hempel  burette  and  combiistion  apparatus. 

|7'  f  1.  Water  gas : — oarbon  dioxide*  oxygen,  carbon  monoxide,  hydrogen  and 
nitrogen. — ^Absorb  the  first  three  constituents  in  the  order  named.    Determine 
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the  hydrogen  in  a  portion  of  the  residue  mixed  with  air  by  the  palladium 
capillary  or  by  an  explosion  pipette,  shown  in  Fig.  70.  This  contains  mercury, 
^nd  is  furnished  with  two  platinum  wires  connected  to  terminals  outside,  by 

*  Ottierwise  an  explosion  will  shatter  the  pipette^ 
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which  the  gas  in  the  bulb  may  be  exploded  by  connecting  the  terminals  to 
those  of  a  Ruhmkorf  coil. 

Before  drawing  the  gas  into  the  pipette,  the  capillary  and  connecting  tube 
are  filled  with  mercury  by  raising  the  reservoir  B,  The  gas  is  drawn  into 
the  pipette  by  lowering  the  reservoir  B  and  raising  the  levelling  tube,  as  it 
is  not  possible  to  push  the  gas  in  from  the  burette  with  a  levelling  tube 
containing  toater.  The  gas  is  exploded,  allowed  to  cool  and  pushed  back  into 
the  burette,  and  the  contraction  measured.  Hence  follows  the  volume  of 
hydrogen  in  the  wbole  non-absorbable  residue,  and  the  nitrogen  by  difference. 

2.  Analysis  of  coal-gas. — Coal-gas  as  supplied  contains  carbon  dioxide, 
"  heavy  hydrocarbons,"  oxygen,  carbon  monoxide,  hydrogen,  methane, 
nitrogen. 

The  gas  must  be  confined  over  water  saturated  with  coal-gas,  as  most  of 
the  constituents  are  appreciably  soluble.  (Shake  water  thoroughly  with 
gas  in  a  Winchester  bottle.)  100  c.cs.  of  the  gas  are  then  measured  in  the 
Hempel  burette. 

The  reagents  are  used  in  the  following  order :  Potash,  bromine  water, 
hyposulphite,  ammonia-cuprous  chloride  (twice),  and  then  a  measured  fraction 
of  the  residue  mixed  with  air  and  the  hydrogen  determined  by  the  palladium 
capillary  and  the  methane  by  the  Winkler  pipette. 

If  it  is  desired  to  know  the  ethylene  and  benzene  vapour  contents  separ- 
ately, the  method  recommended  by  Haber  is  used. 

The  absorption  of  ethylene  by  bromine  water  depends  on  the  formation 
of  ethylene  dibromide,  Cj^4Br2,  whilst  the  absorption  of  benzene  is  merely 
a  solution. 

The  Bunte  burette  is  the  most  convenient  for  this,  as  the  bromine  water  is 
readily  washed  out  of  it,  as  already  described.  The  diminution  in  volume 
is  measured  by  allowing  a  solution  of  potassium  iodide  (not  water)  to  enter 
the  burette  after  shaking  with  the  bromine  water. 

The  diminution  in  volume = the  total  "heavy  hydrocarbons."  The 
iodine  liberated  is  titrated  with  thiosulphate.  The  bromine  water  is  also 
titrated  with  thiosulphate,  after  adding  to  potassium  iodide  solution  a  volume 
equal  to  that  employed  for  the  coal-gas.  The  difference  gives  the  weight 
of  bromine  used  by  the  ethylene. 

Since  C2H4 = Br, = I, = 2Na2S203, 

N 
1  c.c.  —  thiosulphate  =  -001402  gm.  ethylene. 

This  weight  =  3-45  c.cs.  of  dry  ethylene  at  N.T.P. 

The  volume  when  moist  and  at  observed  temperature  and  pressure  is 
readily  calculated. 

This  volume,  subtracted  from  the  total  volume  of  "  heavy  hydrocarbons," 
gives  the  volume  of  benzene  vapour. 

3.  Prodnoer  gas,  semi-water  gas  or  Dowson  gas,  Mond  gas,  etc.,  are  similarly 
analysed. 
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CHAPTER  III. 

DETERMIRATI0H8  BY  OASOHETBIC  HETHODS. 

Any  reaction  in  wliich  a  gas  is  qnantitatiyely  evolved  may  be  used  to  determine 
the  substance  evolving  the  gas. 

Lunge's  nitrometer  or  gas-volumeter  may  be  used  for  the  reactions. 

The  nitrometer  has  already  been  described.  It  is  used  for  the  estimation 
of  nitric  acid  and  nitrates  (see  p.  219). 

By  the  same  reaction  the  nitro-group  in  nitro-glycerine,  nitro-cellulose, 
etc.,  may  be  determined,  the  substance  being  first  dissolved  in  strong  sulphuric 
acid  and  the  estimation  carried  out  exactly  as  described  on  page  220. 

For  other  reactions  evolving  gases  that  are  used  to  estimate  the  reacting 
substances,  the  gas-volumeter  is  employed.  This  may  be  the  nitrometer 
itself,  with  the  addition  of  a  small  reaction  flask  which  is  connected  to  the 
exit  tube  at  the  top  of  the  nitrometer  by  rubber  tubing.  In  the  usual  form 
of  gas-volumeter  the  funnel  with  which  the  nitrometer  is  supplied  is  omitted, 
but  it  is  not  necessary  to  have  a  separate  apparatus,  though  of  course  more 
convenient. 

Moreover,  Lunge  has  improved  the  gas-volumeter  by  the  addition  of  a 
compensation  tube  by  which  the  volume  of  the  gas  evolved  in  the  reaction  is 
automatically  reduced  to  N.T.P.  This  again  is  merely  a  time-saving  device 
for  technical  work. 

Both  forms  of  apparatus  will  now  be  described.  The  simple  form  is  shown 
in  Fig.  71. 

The  reaction  flask  is  made  with  two  compartments  to  keep  the  reagents 
separate  until  the  apparatus  is  fitted  up.  The  substance  to  be  estimated  is 
weighed  into  the  outer  compartment  and  the  reagent  is  placed  in  the  inner 
one.  The  confining  liquid  in  the  volumeter  is  usually  mercury.  The  actual 
estimation  is  carried  out  as  follows. 

The  flask  containing  the  substance  and  reagent,  immersed  in  a  water-bath, 
is  attached  to  the  measuring  tube  as  shown,  and  the  glass  tap  is  removed. 
The  mercury  in  the  vessel  is  adjusted  to  zero  by  raising  or  lowering  the  levelling 
tube,  and  the  tap  is  replaced  in  the  closed  position.*  Lower  the  levelling 
tube  somewhat  to  avoid  pressure  in  the  apparatus,  and  turn  the  tap  to  connect 

*  If  the  ordinary  form  of  nitrometer  is  used,  the  pressure  in  the  flask  is  made  equal 
to  atmospheric  pressure  by  raising  or  lowering  the  levelling  tube  with  the  tap  removed 
as  before.  The  tap  is  then  replac^  so  as  to  connect  the  measuring  tube  with  the  funnel, 
and  the  air  in  the  measuring  tube  is  driven  out  by  raising  the  levelling  tube,  Close  the 
^Pf    The  apparatfis  is  fiow  ready  for  the  experiment. 
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the  reaction  flaak  to  the  measuring  tube.  Oently  tilt  the  flask  so  that  a 
little  of  the  reagent  comes  into  contact  with  the  substance.  Do  not  pour 
it  all  in  at  once.  Continue  until  the  reaction  is  over.  Lower  the  levelling 
tube  as  may  be  necessary  to  avoid  pressure.  Allow  the  flask  to  cool  in  the 
water-bath  for  at  least  5  minutes.  Then  adjust  the  pressure  to  atmospheric, 
read  the  volume  of  the  gas,  and  the  barometer  and  thermometer.  The 
calculation  is  then  carried  out  in  a  similar  manner  to  that  shown  on  page  220. 
In  the  improved  form  (Pig.  72)  the  reduction  tube  is  worked  as  follows  : 
The  volume  of  air  in  the  reduction  tube  is  so  compressed  by  raising  the 
levelling  tube  that  it  occupies  the  volume  it  would  occupy  at  N.T.P.    Since 


FIO.  71. 


PiQ.  72. 


this  pressure  is  transmitted  to  the  gas  in  the  measuring  tube,  this  also  will 
occupy  the  volume  it  would  occupy  at  N.T.P. 

The  working  will  be  best  illustrated  by  an  example.  Suppose  the  tempera- 
ture and  pressure  at  the  time  of  the  experiment  are  15°  C.  and  750  mm.  The 
pressure  of  aqueous  vapour  at  15°  C.  being  12-7  mm.,  the  volume  of  moist 
air  which  will  occupy  100  c.cs.  at  N.T.P.  is  given  by 

^j  100(273  +  15)760 

•760- 


'15' 


12-7- 


273(750-12-7) 
=  1051  CCS. 


c.cs. 


This  volume  of  air  is  then  drawn  into  the  reduction  tube  by  lowering 
the  levelling  tube.  The  adjustment  is  made  by  making  the  levels  of  mercury 
in  the  two  tubes  the  same.    A  drop  of  water  is  then  added  to  the  reduction 
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tube  and  the  tap  closed.  If  the  gas  is  to  be  measured  dry,  the  correction  for 
aqueous  vapour  tension  is  omitted  from  the  calculation,  and  a  drop  of  strong 
sulphuric  acid  is  added  to  the  air  in  the  reduction  tube. 

The  experiment  is  now  carried  out  as  before,  first  making  the  pressure 
in  the  reaction  flask  and  measuring  tube  the  same  as  atmospheric  pressure 
just  as  already  described.  The  final  volume  of  the  evolved  gas  is  read 
thus: 

(1)  Raise  the  levelling  tube  so  that  the  volume  of  gas  in  the  reduction  tube 
is  exactly  100  c.cs.    Clamp  it. 

(2)  By  means  of  the  special  double  clamp  raise  or  lower  the  reduction 
and  levelling  tubes  simultaneously  till  the  level  of  mercury  in  the  measuring 
tube  is  the  same  as  that  in  the  reduction  tube,  as  shown  in  the  figure.  The 
volume  of  gas  is  now  exactly  what  it  would  be  at  N.T.P. 

Note. — In  all  determinations,  a  weight  of  substance  to  be  determined  must 
be  taken  such  that  the  volume  of  gas  evolved  will  be  somewhat  less  than 
the  capacity  of  the  instrument.    This  is  usually  50  c.cs.  or  100  c.cs. 

By  means  of  the  gas-volumeter  the  following  determinations  may  be 
carried  out : 

1.  Detennination  of  the  eqiiivaleiit  weight  of  any  metal  that  evolves  hydro- 
gen from  hydroehlorio  add. — ^A  suitable  quantity  of  the  pure  metal  is  weighed 
and  put  into  the  outer  compartment  of  the  reaction  flask.  Hydrochloric 
acid  of  the  necessary  strength  is  placed  in  the  inner  compartment. 

Calculate  the  weight  of  metid  that  liberates  1  gm.  (11*126  litres)  of  iry 
hydrogen  at  N.T.P. 

2.  Detennination  of  oarbonatee  by  the  volome  of  oarbon  dioxide  evolved.— 
The  ordinary  form  of  gas-volumeter  is  used,  x  The  carbonate  is  placed  in  the 
outer  compartment,  and  dilute  sulphuric,  hydrochloric  or  nitric  acid,  saturated 
with  carbon  dioxide  by  adding  a  pinch  of  sodium  bicarbonate,  in  the  inner 
compartment  of  the  reaction  flask.  The  volumeter  contains  water  saturated 
with  carbon  dioxide.  Reduce  the  volume  of  gas  obtained  to  N.T.P.  (d/ry). 
The  density  of  dry  carbon  dioxide  at  N.T.P.  =  1-6225  gms.  per  litre. 

3.  Valuation  of  pyroliudte. — ^About  0*2  gm.  of  very  finely-powdered 
pyrolusite  is  placed  in  the  outer  compartment  of  the  reaction  bottle  and  5  c.cs. 
of  4N.  sulphuric  acid  added  to  it.  Leave  for  5  minutes.  Put  25  c.cs.  of 
"10  volume  "  hydrogen  peroxide  in  the  inner  vessel.  Attach  to  the  volu- 
meter and  carry  on  as  usual. 

MnO, + H  jOj  +  H2SO4  =-  MnS04  +  2H2O  +  O^. 

Density  of  dry  oxygen  at  N.T.P.  =  1 -42923  gms.  per  litre. 

From  the  equation  we  see  that  32  gms.  oxygen =86-93  gms.  MnOj. 

4.  Determination  of  hydrogen  peroxide  or  of  potassiom  permanganate. 

2KMn04  +  3H2SO4  +  5H2O2  =  K  JJ8O4  +  2MnS04 + 8H  ^0  +  50^ 

„                                      ^      2KMn04    „^ 
Hence  Oj  = ^ —  =  H^Oj. 

If  peroxide  is  being  determined  place  it  in  the  outer  compartment  of  the 
reaction]^flask  and  sulphuric  acid  and  permanganate  solution  in  the  inner  one. 
The  liquid  must  still  contain  permanganate  when  the  reaction  is  over. 
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If  peTmanganate  is  being  determined,  the  solution  is  placed  in  the  outer 
compartment,  a  suitable  amount  of  sulphuric  acid  added,  and  the  hydrogen 
peroxide  is  placed  in  the  inner  compartment.  At  the  end  of  the  reaction  the 
liquid  must  contain  no  permanganate.    Calcidate  as  in  3. 

5.  Detennination  of  urea. — ^The  urea  is  oxidised  by  a  strongly  alkaline 
solution  of  sodium  hypobromite. 

CO(NH^, + SNaOBr = CO/ +  N, + SNaBr + 2HjO. 

Density  of  dry  nitrogen  at  N.T.P. « 1*2506  gms.  per  litre. 

6.  Detennination  of  ^mmiwin  (Enop  and  Wagner). — ^The  ammonia  is 
oxidised  by  hypobromite  as  in  5. 

2NH3+3NaOBr-N,+3H,0+3NaBr. 

Owing  to  the  &ct  that  this  reaction  is  not  quite  quantitative  at  ordinary 
temperatures,  the  result  is  compared  with  the  volume  of  nitrogen  obtained 
from  a  solution  of  ammonium  chloride  of  accurately  known  strength. 
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BOOK  IV. 
ORGANIC  PREPARATIONS. 

PART  I. 

INTRODUCTION. 
GENERAL  HINTS  IN  PBAOIICAL  ORGANIC  WORK. 

When  about  to  do  an  experiment,  carefully  read  through  the  method  first, 
noting  ail  necessary  apparatus  and  precautions.  In  the  qualitative  work, 
do  the  operations  in  a  quantitative  manner,  weighing  or  measuring  all  sub- 
stances used  and  endeavour  to  obtain  the  maYimum  yield.  A  rough  balance 
is  necessary. 

It  is  needless  to  dilate  upon  the  need  forjabsolute  cleanliness.  When 
uncertain  as  to  the  manner  in  which  an  experiment  will  proceed,  make  a 
preliminary  triAl  in  test-tubes  ^  use  these  also  for  tests  given  at  the  end 
of  preparations. 

In  preliminary  trials  connected  with  crystallisation,  it  is  a  good  plan  to 
place  a  little  of  the  liquid  which  is  expected  to  deposit  crystals  in  a  watch-glass 
and  cool.    An  indication  of  the  yield  will  thus  be  given. 

Whenever  an  inflammable  liquid  is  used  (ether,  carbon  disulphide,  etc.), 
great  care  must  be  taken  to  avoid  risk  of  fire.  Do  not  have  naked  flames 
near,  and  when  evaporating  such  liquids  always  use  a  bath  of  hot  water 
uMumt  a  flame  imder  it,  if  the  boiling-point  permits  (as  it  generally  does). 

Do  not  use  vessels  much  too  large  or  small  for  an  experiment :  connect 
apparatus  neatly,  avoiding  unnecessary  lengths  of  rubber  tubing,  etc. 
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CHAPTER  I. 
GENERAL  OPERATIONS. 

A.  Filtratioii. — Whereas  in  inorganic  preparations  the  use  of  the  filter- 
pump  is  frequent,  it  is  there  described ;  here  a  few  other  devices  by  which 
filtration  can  be  accelerated  are  noted.     (See  also  pp.  1  and  2.) 

A  folded  filter  may  be  used,  as  in  Fig.  73a,  or  a  ribbed  funnel  as  in  Fig.  736. 
The  filter-pump  is  used  in  connection  with  a  glass-funnel  fitted  with  a  porcelain 
plate  or  a  porcelain  funnel,  of  which  the  perforated  plate  is  a  part.    The 


(a)  FIO.  73.  (6)  FIO.  74. 

» 

objection  to  the  last-named  is  the  difficulty  of  cleaning  it  thoroughly.  In 
either  case  the  filter-paper  is  first  moistened  with  the  liquid  present  in  the 
mixture,  the  paper  carefully  laid  over  the  perforated  plate  (it  should  be  only 
very  slightly  larger  than  the  plate),  and  gentle  suction  applied.  (For  filter- 
pump  see  p.  1). 

In  some  cases  it  is  necessary  to  keep  the  solution  hot  whilst  filtering,  e.g, 
draining  crystals  from  a  saturated  solution.  This  is  done  by  surrounding  the 
funnel  with  a  hot-water  jacket  or  a  coil  through  which  steam  is  passed  (Fig.  74). 
(See  also  Fig.  2,  p.  2.) 

B.  Crystallisation. — When  preparing  solid  substances,  they  are  obtained, 
if  possible,  as  well-defined,  fair-sized  crystals.  When  crude  substances  are 
dissolved  in  a  solvent  and  crystallised,  the  impurities  remain  in  the  mother- 
liquor,  hence  crystallisation  is  the  chief  means  of  purifying  substances. 
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Choice  of  the  solvent. — Preliminary  experiments  should  be  done  with  small 
quantities  of  the  substance  in  various  solvents,  and  the  suitability  of  each 
noted.     The  solvents  in  general  use  are  : 

Water.  Alcohol.  Ether.         Petrol. 

Benzene.  Qlacial  acetic  acid.    Acetone.     Chloroform. 

Carbon  disulphide.    Aniline.  Toluene.     Xylene,  etc. 

Sometimes  mixtures  of  these  are  used,  e,g. : 

Water  and  alcohol.      Alcohol  and  ether.      Benzene  and  petrol. 

The  most  suitable  solvent  is  that  which  dissolves 
the  substance  with  difficulty  when  cold  but  readily 
when  hot. 

Sometimes  the  most  convenient  method  is  to 
dissolve  the  substance  in  a  solvent  which  dissolves 
it  readily,  and  to  add  to  the  solution  a  liquid  in 
which  it  is  not  readily  soluble. 

Preparation  of  the  solution. — To  the  well-powdered 
substance  a  small  quantity  of  the  solvent  is  added 
and  the  mixture  warmed.  This  is  done  in  a  basin 
""  or  beaker  unless  the  solvent  is  very  volatile,  heating 
on  a  wire  gauze.  More  solvent  is  gradually  added  till 
the  solid  is  just  dissolved.  Avoid  using  more  solvent 
than  necessary  ;  if  a  small  residue  is  left  which  will 
not  dissolve,  it  is  probably  some  impurity  and  should 
be  filtered  ofE. 

If  a  volatile  or  inflammable  solvent  is  used,  the 
solution  should  be  made  in  a  flask  fitted  with  a  reflux 
condenser,  as  in  Fig.  75. 

^.B, — This  apparatus  is  in  frequent  use  for  boiling 
volatile  things  together  for  any  length  of  time.  The 
condensed  vapours  return  to  the  flask. 

The  solution  should  always  be  filtered  unless  it  is 
A  >  X  perfectly  clear. 

1.  Production  of  the  crystals, — By  cooling  the  hot 
saturated  solution.  This  is  done  when  the  solvent 
dissolves  the  sutstance  sparingly  when  cold,  readily 
when  hot. 

It  may  occasionally  be    necessary  to   cool    the 

solution  below  the  ordinary  temperature  in  a  freezing 

mixture,  but  in  any  case  very  small  crystals  should 

be  obtained  (by  rapid  cooling  and  shaking  or  stirring), 

as  large  crystals  are  liable  to  enclose  some  of  the 

mother-liquor. 

j,.jQ  75  If  crystallisation  is  slow,  add  a  crystal  of  the 

substance  to  the  solution  and   stir  well.     This  is 

called      seeding,"  and  sometimes  brings  down  an  immediate  and  copious 

crop  of  crystals. 

If  the  solution  is  too  strong,  the  substance  will  sometimes  come  out  as 
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an  oil  because  deposition  begins  above  its  melting-point.  In  this  case,  the 
solution  must  be  warmed  and  a  little  more  solvent  added. 

2.  GrystaUiscUion  by  evaporation. — If  no  solvents  give  solutions  which 
vary  greatly  in  concentration  at  different  temperatures,  the  substance  is 
crystallised  from  solution  after  filtration,  by  slowly  evaporating  the  liquid 
in  a  shallow  open  dish.  To  prevent  dust  getting  into  the  liquid,  the  dish 
is  covered  with  a  large  funnel. 

The  solvent  must  not  be  allowed  to  evaporate  completely,  or  the  impurities 
will  be  mixed  with  the  crystals.  Crusts  deposited  on  the  sides  of  the  vessel 
should  not  be  mixed  with  the  crystals,  but  worked  up  again  with  the  mother- 
liquor. 

The  evaporation  is  a  lengthy  process,  but  may  be  sometimes  hastened 
by  inclining  the  vessel  so  that  the  vapbur,  which  is  almost  always  heavier 
than  air,  may  pass  away  more  quickly ;  or  a  gentle  current  of  filtered  air 
may  be  passed  over  the  surface.  Again,  the  vessel  may  be  placed  in  a  desic- 
cator containing  some  suitable  absorbent  for  the  solvent  {e.g.  sulphuric  acid 
for  water,  paraffin  wax  for  ether),  and  the  desiccator  may  then  be  exhausted 
by  a  filter-pump.    (Vacuum  desiccator,  Fig.  76.) 


FIG.  70. 

3.  CrystaUisation  by  the  addition  of  a  second  liquid. — If  it  be  found  that 
a  substance  is  soluble  in  one  liquid  but  not  in  another  (the  two  liquids  being 
completely  miscible),  a  solution  in  the  one  liquid  is  made,  and  the  other  is 
added  to  it  till  a  turbidity  appears.  This  often  contains  impurities  and 
should  be  filtered  ofE  through  a  heated  funnel.  The  filtrate  is  then  set  to 
crystallise  in  a  crystallising  dish. 

Collection  and  purification  of  the  crystals. — The  crystals  are  filtered  (first 
removing  any  crusts),  washed  on  the  filter  with  smaU  quantities  of  the  solvent, 
and  if  the  solvent  is  one  of  high  boiling-point  it  is  gradually  displaced  by  a 
more  volatile  one  such  as  ether  or  petrol,  using  first  mixtures  of  the  two 
liquids,  finally  the  more  volatile  one  cJone. 

The  mother-liquors  will  peld  a  further  crop  of  crystals  on  further  evapora- 
tion, etc.,  if  the  body  is  fairly  soluble,  but  these  must  usually  be  purified  by 
fractional  crystallisation.    (See  p.  3.) 

Sublimation. — Some  substances  {e.g.  naphthalene,  camphor,  benzoic  acid, 
etc.)  sublime  readily,  and  their  vapours  may  be  condensed  on  a  cold  surface 
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in  a  crystalline  form.  The  impure  substance  may  be  placed  in  a  basin  over  which 
a  funnel  is  placed.  On  warming  the  basin  the  body  sublimes  on  to  the  funnel. 
Bruhl's  apparatus  for  this  purpose  is  shown  in  Fig.  77a ;  another  in  Fig.  776. 


M^ 


.^g 


^<^ 


FIQ.  77. 


C.  Distillation. — 1.  For  most  purposes  the  apparatus  consists  of  a  distill- 
ing flask  with  side  tube,  a  condenser  (water-  or  air-cooled),  and  a  receiver. 

The  flask  should  be  round-bottomed,  closed  with  a  cork  or  rubber  stopper, 
carrying  a  thermometer.  For  liquids  boiling  below  80°  C.  a  water-bath 
is  used.  On  no  account  should  anything  else  ever  be  used  for  an  inflanmiable 
liquid,  in  which  case  it  is  safest  to  heat  the  water  before  immersing  the  flask. 
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If  it  is  necessary  to  apply  heat  to  the  water  whilst  the  distillation  is  proceeding, 
some  form  of  screen  to  prevent  vapour  reaching  the  flame  will  be  necessary. 
Another  method  is  shown  in  Fig.  81. 

liebig's  condenser  is  shown  in  Fig.  78.    The  double  surface  form  is  more 
compact.    (Fig.  75.) 


Fio.  7». 


no.  80. 


If  the  B.P.  of  the  liquid  is  above  100°  C,  a  water  condenser  should  not 
be  used,  but  a  plain  long  tube,  air-cooled.  (Fig.  79.)  If^the  substance  tends 
to  solidify  in  the  condenser  it  should  be  as  wide  as  possible. 

The  receiver  may,  for  most  substances,  be  placed  over  the  end  of  the 
condenser,  but  in  the  case  of  volatile  or  inflammable  liquids  it  is  necessary 
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to  fit  an  adapter  as  in  Fig.  80.    It  is  sometimes  useful  to  have  the  adapter 
dipping  under  ice-cold  water. 

For  liquids  easily  acted  on  by  the  moisture  of  the  air  (e.g.  the  acyl  chlorides, 
etc.),  the  receiver  must  have  a  side-tube,  which  is  attached  to  a  vessel 
containing  a  drying  agent.    (Fig.  80.) 


TO  PUMP  AND 
ItO.  82. 


NOMETCR. 


When  a  small  test  portion  of  a  liquid  is  being  distilled  the  condenser  may 
be  omitted  and  the  receiver  cooled  by  a  stream  of  water  from  the  tap.  (Fig. 
82.) 

In  case  of  very  volatile  liquids  it  is  often  necessary  to  immerse  the  receiver 
in  ice. 

2.  Fractional  distiUation. — When  two  or  more  miscible  liquids  whose 
boiling-points  are  not  too  close  together  are  to  be  separated,  the  mixture  is 
distilled  and  fractions  are  collected,  the  receiver  being  changed  every  10^ 
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rise  in  temperature.  These  fractions  are  then  placed  one  at  a  time  into  a 
smaller  flask  and  distilled  to  dryness,  fractions  from  each  portion  being 
collected  in  the  receivers  which  have  already  been  used,  and  labelled  with  the 
required  temperatures.  If  necessary  the  process  can  be  repeated,  changing 
the  receiver  every  5°  rise.  It  will  be  found  that  the  mixture  is  thus  separated 
into  two  main  fractions,  one  boiling  near  the  B.P.  of  the  lower-boiling  liquid 
and  the  other  near  that  of  the  higher.  The  intermediate  fractions  are  small 
and  get  smaller  as  the  fractionation  proceeds. 

It  often  happens  that  the  boiling-point  of  the  mixture  does  not  rise  steadily 
from  the  lower  to  the  higher  B.P.,  but  that  a  mixture  having  a  constant 
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Fio.  88. 


Fig.  84. 


B.P.  is  obtained.    In  this  case  other  means  must  be  sought  to  effect  the 
separation. 

Though  not  absolutely  necessary,  fractionation  is  effected  more  easily 
and  completely  by  the  aid  of  a  Young's  fractionating  column,  of  which  various 
forms  exist.  One  is  shown  in  Fig.  83.  One  careful  distillation  with  a  colimin 
will  give  the  same  effect  as  several  without  it. 

3.  Distillation  under  reduced  pressure. — Substances  often  decompose  if 
heated  to  boiling  under  atmospheric  pressure.  In  these  cases  it  is  necessary 
to  distil  under  reduced  pressure.  The  apparatus  is  made  air-tight  by  the 
use  of  rubber  stoppers  and  the  receiver  is  attached  to  a  suction  flask  which 
is  exhausted  by  a  filter-pump  with  a  manometer.     (Fig.  82.) 

Liquids  boiling  under  reduced  pressure  are  apt  to  "  bump."  This  is 
minimised  by  placing  small  pieces  of  unglazed  porcelain,  glass  capillary  tubes, 
etc.,  in  the  distilling  flask,  or  by  drawing  a  gentle  current  of  air  through  a 
capillary  tube  passing  through  the  cork  and  dipping  into  the  boiling  liquid. 

4,  Fractional  distillation  under  reduced  pressure. — The  difficulty  here  is  in 
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collecting  the  separate  fractions  without  having  to  stop  the  process.  Many 
devices  are  in  use  to  avoid  this,  e,g.  Briihl's  receiver,  Fig.  84 ;  Raikow's, 
Fig.  85. 

The  chief  drawback  to  this  and  similar  devices  is  that  the  liquid  condenses 
to  some  extent  in  all  the  vessels.  This  is  overcome  by  the  arrangement 
in  Fig.  86.  The  three  taps  are  arranged  so  that  the  apparatus  may  be  kept 
at  the  diminished  pressure  whilst  the  receiver  is  changed.  Tap  C  is  a  three- 
way  tap.  When  about  to  change  the  receiver,  dose  tap  A^  open  B  and 
turn  C  so  that  it  allows  air  to  enter  the  flask  only.  The  liquid  meanwhile 
condenses  in  the  bidb,  and  when  the  fresh  receiver  is  attached,  C  is  turned  so 
that  it  connects  the  receiver  to  the  pump.  After  a  time  B  is  closed  and  A 
opened,  when  the  distillate  collects  in  the  receiver. 


FlQ.  S5. 


Fio.  S6. 


5.  DistiUalion  with  steam, — Several  bodies  of  high  B.P.  have  an  appreciable 
vapour  pressure  at  100°  ;  hence  a  convenient  way  to  separate  them  from  the 
reaction  mixtures  is  to  blow  steam  through  the  boiling  liquid.  The  substance 
volatile  with  steam  comes  over  with  the  water,  and  the  process  is  continued 
till  nothing  but  water  is  seen  in  the  condenser.  (If  the  substance  is  solubfe 
in  water,  e.g.  acetic  acid,  a  test  for  it  is  applied  to  a  portion  of  the  distillate 
until  the  body  can  no  longer  be  detected.) 

The  apparatus  consists  of  a  steam  generator  (a  large  tin  can),  half  filied 
with  water  and  fitted  with  a  long  tube  as  safety  valve,  and  a  delivery  tube 
leading  to  the  distillation  flask.  This  tube  is  of  the  shape  shown  in  Fig.  87, 
and  reaches  to  the  bottom  of  the  flask,  which  is  tilted  as  shown  to  prevent 
spray  entering  the  condenser.  The  rest  of  the  apparatus  will  readily  be 
understood  from  the  figure.  The  fladc  shoidd  not  be  more  than  half  full, 
and  is  also  heated. 

D.  Separation  of  liquid  mlxturei  and  solatioDS.  (See  ''  Partition  Coeffi- 
cients" in  the  Physical  Chemistry  section.) — Many  organic  bodies  can  be 
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separated  from  aqueous  solution  by  shaking  with  a  liquid  non-miscible  with 
water.  Ether  is  most  often  used,  though  sometimes  petrol,  benzene,  carbon 
disulphide  or  chloroform  are  also  employed. 

The  extraction  is  made  by  shaking  the  cold  solution  with  ether,  etc., 
in  a  separating  funnel  (Fig.  88).  The  minimum  of  the  extraction  liquid 
should  be  used.  The  ethereal,  etc.,  solution  is  drawn  ofF,  dried  by  calcium 
chloride  or  other  desiccating  agent,  and  the  ether,  etc.,  distilled  off. 

Sometimes,  if  the  partition  coefficient  of  the  substance  for  ether-water  is 
small,  several  successive  portions  of  ether  must  be  used. 


FIO.  87. 

Fig.  89  shows  an  apparatus  for  the  separation  of  small  amounts  of 
liquids. 

If  a  large  volume  of  solution  i^  to  be  extracted,  salt  should  be  added  to 
the  aqueous  solution  as  ether  is  soluble  to  the  extent  of  8-9  %  in  water  but 
not  in  brine.  Even  if  salt  throws  the  substance  out  of  solution  it  does  not 
matter. 

Ethereal  extraction  is  also  useful  for  isolating  substances  which  emulsify 
with  water,  e.g.  phenyl  hydrazine. 

E.  Salting  oat. — In  many  cases,  bodies  which  dissolve  readily  in  water 
do  not  dissolve  easily  in  salt  solution,  so  that  if  salt  is  added  to  the  aqueous 
solution  they  will  separate ;    e.g.  salt  added  to  a  soap  solution  causes  the 
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precipitation  of  the  soap.  The  salts  most  commonly  used  are  sodium  chloride 
and  potassium  carbonate. 

F.  Extraciioii  of  a  solid  from  a  mixture. — This  is  carried  out  by  digesting 
the  mixture  with  a  suitable  solvent  in  which  all  but  the  desired  substance  are 
insoluble.   The  digestion  is  carried  out  by  means  of  Soxhlet's  apparatus,  Fig.  90. 

The  mixture  is  introduced  into  the  tube  (A)  in  a  cartridge  of  pure  filter- 
paper.    (These  are  sold  for  the  purpose.) 

The  solvent  is  placed  in  the  flask,  which  is  of  such  a  size  as  to  hold,  when 
not  more  than  half-full,  rather  more  of  the  solvent  than  the  tube  (A).     The 
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apparatus  is  put  up  as  shown  and  the  solvent  boiled.  The  vapour  goes  via 
(B)  to  the  reflux,  from  which  it  drops  into  the  substance.  When  (A)  is  full  up 
to  the  top  of  the  s3rphon  (C)  the  solution  syphons  back  into  the  flask  and  the 
process  is  repeated  automatically  as  often  as  desired. 

Many  examples  in  the  use  of  this  will  appear  in  the  following  pages.  It 
is  also  used  for  the  determination  of  fat  in  various  substances,  such  as  feeding- 
stuffs.  In  this  case  ether  is  the  solvent.  When  the  extraction  is  complete 
it  is  evaporated  and  the  remaining  solid  weighed. 

A  useful  addition  to  the  apparatus  is  a  small  tap  at  the  bottom  of  (A), 
by  which  a  test  portion  of  the  extract  may  be  removed  from  time  to  time 
in  order  to  see  when  the  extraction  is  complete. 
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CHAPTER  11. 

DETERMINATION  OF  PHTSICAL  CONSTANTS. 

In  order  to  test  the  purity  of  an  organic  body  and  also  as  a  means  of  identi- 
fying many  substances,  it  is  necessary  to  find  the  melting  or  boiling-point. 


FIO.  91. 

A.  Meltiiig-point. — Every  pure  body  has  an  exact  melting-point ;  if  a 
substance  gradually  gets  soft  when  heated  and  melts  by  degrees,  it  is 
impure. 

Anomalous  residts  are  sometimes  met  with,  e.g, : 

One  substance  has  two  melting-points.    This  is  due  to  the  presence  of 
two  forms,  each  with  its  own^melting-point. 
19  '  289 
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Mixtures  often  possess  a  melting-point  lower  than  that  of  either  con- 
stituent, with  minima  for  particular  proportions,  indicating  the  formation 
of  a  compound. 

There  are  several  methods  of  finding  the  melting-point. 
I.  Take  a  small  beaker,  put  some  water  in  it  (if  the  melting-point  is  below 
100**,  which  can  readily  be  seen  by  dipping  a  test-tube  containing  a  small 
amount  of  the  body  into  boiling  water),  or  glycerine,  sulphuric  acid  or  potas- 
sium sulphate  in  sulphuric  acid  if  the  melting-point  is  below  240°,  290°,  or 

350°  respectively.  Draw  out  a  piece  of 
test-tube  into  the  capillary  shape  shown 
in  Fig.  91,  and  cut  it  so  that  one  end  is 
wide  and  the  other  narrow.  Close  the 
narrow  end  by  holding  in  a  flame  for  a 
moment.  Put  a  very  small  quantity  of 
the  substance  into  this  tube  and  shake 
■ — ^     JL  it  to  the  bottom.    If  too  much  is  used 

I  5  3 1  ^  the  liquid  may  rise  in  temperature  several 

Jj-  31^  degrees  whilst  the  substance  is  melting. 

Attach  the  capillary  to  the  bulb  of  a 
thermometer  by  a  small  rubber  ring  or 
platinum  wire,  and  warm  the  liquid, 
quickly  at  first,  then  very  slowly,  with 
constant  stirring,  as  the  melting-point  is 
approached.  At  the  first  sign  of  melting 
take  the  temperature. 

The  thermometer  must  be  accurately 
calibrated,  and  if  an  appreciable  portion 
of  the  thread  is  exposed  the  following 
correction  should  be  applied  : 

True  temperature  =  T + 0000154n( T - 1), 
where  T  is  the  apparent  temperature, 

t  is  the  mean  temperature  of  the  exposed 
thread. 

n  is  the  number  of  degrees  on  the  exposed 
stem. 

II.  A  more  convenient  apparatus  is 
shown  in  Fig.  92,  which  permits  of  more 
even  heating.  Several  other  forms  have 
been  devised  which  allow  the  stem  of 
the  thermometer  to  be  immersed  in  the 
liquid  bath. 

As  examples  use  o-nitro-phenol  or  m-dinitro-benzene  with  a  water-bath, 
and  iodoform  or  phenyl  glucosazone  with  a  glycerine  bath. 

The  greatest  care  is  necessary  when  using  sulphuric  acid.  If  it  becomes 
discoloured  add  a  small  crystal  of  potassium  nitrate. 

III.  Another  method,  for  use  with  larger  quantities  of  substance,  is  to 
fit  up  the  apparatus  shown  in  Fig.  93.     Into  the  inner  tube  put  some  of  the 
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solid  and  carefully  melt  it.  The  liquid  should  cover  the  bulb  of  the  thermo- 
meter and  should  be  heated  to  some  10°  above  the  melting-point.  Fit  the 
apparatus  together  and  take  the  temperature  every  15  or  30  seconds.  When 
the  melting  (freezing)  point  is  reached,  the  temperature  will  remain  steady 
for  some  time  (owing  to  the  latent  heat  of  solidification),  and  then  will  fall 
again.  A  time-temperature  curve  will  clearly  show  the  melting-point. 
Fig.  94  shows  such  a  curve  for  naphthalene.  • 

B.  Boiling-point. — I.  When  sufficient  substance  is  available  it  is  placed 
in  a  small  distilling-flask  and  a  thermometer  with  as  much  of  the  stem  as 
possible  inside  the  flask  is  fixed  into  the  cork.  If  the  liquid  boils  below  ISO"* 
a  Liebig's  condenser  is  attached ;  if  above  150°  an  air-cooled  condenser  will 
do.    The  thermometer  bulb  must  not  dip  into  the  liquid. 
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II.  When  very  small  amounts  are  available  the  vapour-pressure  method 
may  be  used.  A  U-tube,  as  shown  in  Fig.  95,  is  closed  so  that  the  end  is 
rounded  neatly  off.  Introduce  a  little  of  the  liquid  through  the  open  limb, 
and  then  enough  mercury  to  fill  the  open  limb.  By  a  little  manipulation  all 
air  is  removed  from  the  closed  end  and  about  half  a  cm.  of  the  liquid  can  be 
made  to  stand  on  the  mercury  in  the  closed  limb.  Immerse  the  U-tube 
with  a  thermometer  in  a  suitable  bath  and  heat  the  bath-liquid,  stirring  well. 
When  the  boiling  point  is  reached  the  liquid  will  vaporise  and  depress  the 
mercury  in  the  closed  limb  till  the  surfaces  in  both  limbs  are  at  the  same  level. 
Note  the  temperature  carefully  at  which  they  become  level.  On  further 
heating  the  mercury  surface  in  the  open  limb  will  rise  above  that  in  the  closed 
limb.  Hence  let  the  bath  cool  again,  and  note  the  temperature  at  which  the 
surfaces  become  level  again.  Correct  for  the  exposed  stem  of  the  thermometer 
as  before. 
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III.  Siewobdqff's  ^netkod  (B.  19,  795)  is  approximate  only  (Fig.  96).  It  is 
carried  out  by  placing  a  few  drops  of  the  liquid  in  the  sraall  glass  tube  a  which 
is  fastened  to  a  thermometer  as  shown.    A  glass  capillary  sealed  about  1  cm. 


^W 
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Fig.  06. 


from  the  lower  end  is  introduced,  and  the  tube  heated  in  a  bath.  Air  bubbles 
escape  slowly  from  the  capillary.  At  the  boiling-point  a  rapid  stream  of 
bubbles  is  emitted,  apparently  from  this  capillary.  Take  several 
each  with  a  fresh  capillary. 
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CHAPTER  III. 

PREPARATION  OF  TYPICAL  ORGANIC  COMPOUNDS. 

The  preparation  of  some  of  the  most  important  compounds  directly  from 
natural  sources  will  first  be  dealt  with.  General  methods,  synthetic  methods, 
etc.,  will  follow. 

Pbeparation  1. 
Methyl  alcohol,  acetone  and  acetic  acid  from  wood  spirit. 

Small  pieces  of  wood  are  put  into  an  iron  retort  of  about  2  litres  capacity, 
fitted  with  a  screwed-in  lid  and  delivery-tube.  Failing  this  an  iron  tube  of 
about  2  inches  bore  may  be  used,  but  a  tube-furnace  will  be  necessary  to 
heat  it.  The  delivery  tube  leads  to  a  receiver  cooled  under  the  tap,  and  a 
tube  from  the  receiver  to  the  draught.  Heat  carefully,  raising  the  temperature 
slowly  to  300-400**.  An  aqueous  and  a  tarry  distillate  will  collect  in  the 
receiver  and  inflammable  gases,  which  should  be  ignited,  come  olE.  When 
enough  distillate  has  collected  (not  less  than  250  c.cs.),  the  watery  layer  is 
separated  from  the  tar.  The  former  contains  water,  methyl  alcohol,  acetic 
acid,  methyl  acetate,  etc.  It  is  just  neutralised  with  NaOH  and  distilled. 
The  distillate  contains  methyl  alcohol,  acetone,  etc.,  and  the  residue  sodium 
acetate.  This  residue  is  dried,  treated  with  strong  sulphuric  acid,  and  carefully 
distilled.    Glacial  acetic  acid  collects  in  the  receiver. 

To  the  distillate  containing  the  methyl  alcohol,  etc.,  anhydrous  calcium 
chloride  is  added.  This  produces  a  crystalline  compound,  CaClj*  ^CHjOH. 
As  much  of  this  as  possible  is  filtered  oQ  on  the  pump  and  the  filtrate  distilled 
on  the  water-bath,  when  impure  acetone  collects  in  the  receiver.  It  may  be 
purified  as  under  acetone,  pp.  312  and  324. 

N.B. — The  acetone  of  commerce  is  prepared  mostly  from  acetates  obtained 
from  wood  spirit. 

The  calcium  chloride  compound  of  methyl  alcohol  is  decomposed  by 
distilling  it  with  water,  the  aqueous  methyl  alcohol  being  dehy(bated  by 
quick-lime  and  distilled. 

Preparation  2. 

Ethyl  dcohd,  CJEfiB. 

In  commerce  this  may  be  obtained  from  potatoes  by  heating  them  under 
pressure  to"  150°  C,  and  then  fermenting  with  malt  and  yeast.  The  starch 
is  thus  converted  into  sugar  (dextrose,  etc.)  by  hydrolysis,  and  this  into 
alcohol  by  the  yeast. 
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The  fermentation  is  a  very  complex  and  imperfectly  understood  process, 
and  no  attempt  is  made  to  give  an  equation. 

In  the  laboratory,  alcohol  xjiay  be  made  by  fermenting  dextrose  or  sucrose 
by  yeast  at  a  temperature  of  36°  C.  in  not  too  strong  a  solution.  The  product 
is  distilled,  and  the  portion  coming  over  below  96°  is  fractionated.  Alcohol 
of  about  90  %  residts :  it  may  be  dried  by  distilling  from  quick-lime.  If 
desired,  a  small  quantity  of  "  fusel  oil  "  (higher  alcohols)  can  be  removed  by 
stirring  well  with  70%  of  its  weight  of  charcoal  and  standing  for  several 
days  before  dehydrating  with  lime. 

Preparation  3. 
Lactic  and  butyric  fermentaiion  of  sugar,    A.  A.  Qaflin,  J.S.CL,  1897  (16),  516. 
H.  Emde,  MUchsdure,  Dammer's  Chemische  Technologie  der  Neuzeit,  I. 
674  (1910). 
Preparation  of  fermentation  lactic  acid,  CH  ,  .  CH(OH) .  COOH. 
A  litre  of  a  10  %  solution  of  glucose  or  sucrose  is  made,  and  1  %    of 
ammonium  nitrate  added.     Boil,  cool  to  55°-4:5°  C,  and  add  about  100  c.c. 
of  milk  that  has  stood  at  45°  till  quite  sour.     The  temperature  is  kept  between 
the  above  limits  to  prevent  the  formation  of  butyric  ferments ;   from  time 
to  time  chalk-dust  or  zinc  oxide  suspended  in  water  is  added  in  such  quantities 
as  to  keep  the  liquid  just  acid.     This  proceeds  for  a  few  days.     To  stop  the 
action  of  the  ferments  heat  quickly  to  boiling,  filter  and  evaporate  to  crystal- 
lisation.   Add  any  crusts  of  calcium  or  zinc  lactate  to  the  crystab,  and 
recrystallise  the  whole.    Decompose  the  salts  by  dissolving  in  water  and 
adding  the  calculated  amount  of  sulphuric  acid  of  sp.  gr.  1  25.  Calcium  sulphate 
is  filtered  o£E  and  the  lactic  acid  concentrated  in  vacuo  to  a  sp.  gr.  of  1*2. 
Zinc  sulphate  is  got  rid  of  by  extracting  the  lactic  acid  with  ether,  which  is 
distilled  off,  or  hydrogen  sulphide  is  passed  through  the  zinc  lactate  solution 
to  saturation,  the  zinc  sulphide  filtered  and  the  filtrate  concentrated  as  above. 
The  inactive  or  racemic  form  of  the  acid  is  left  as  a  thick,  sour  liquid. 

Preparation  of  butyric  acid,  CH3 .  CHj  .  COOH. 
A  similar  sugar  solution  to  that  described  above  is  warmed  to  25°-35°  C. 
To  it  is  added  a  small  piece  of  rancid  butter  or  cheese,  a  little  ammonium 
nitrate  as  food  for  the  ferment,  and  enough  calcium  carbonate  in  suspension 
to  keep  the  solution  neutral.  After  standing  as  above,  heat  to  boiling,  filter 
and  treat  the  calcium  butyrate  with  sodium  carbonate.  Filter  off  the  pptd. 
calcium  carbonate,  render  acid  with  sulphuric  acid  (S.G.  1*25),  and  distil  the 
product.  If  preferred,  the  zinc  salt  may  be  made  instead  of  the  calcium 
salt,  and  treated  as  described  for  zinc  lactate.  The  acid  is  a  liquid  with  a 
characteristic  smell.     B.P.  162°. 

Saponification  of  Fats  and  Oils. 

Preparation  4. 
Soaps,  Stearic  and  Oleic  acids, 
200  gms.  of  beef  or  mutton  fat  are  melted  on  a  water-bath,  filtered  through 
muslin  to  remove  tissue,  and  poured  into  200  c.c.  of  96  %  alcohol  in  a  2-litre 
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flask  at  a  teraperature  of  30°.  90  gms.  of  NaOH  are  dissolved  in  a  liUle 
water,  and  while  still  hot,  added,  a  little  at  a  time,  to  the  alcoholic  fat.  A 
violent  action  follows  each  addition  of  the[soda,  and  the  mixture  is  well  shaken. 
The  product  is  soluble  in  water.  The  alcohol  is  evaporated  oQ  on  a  water- 
bath,  and  the  product  dissolved  in  hot  water.  Saturated  brine  is  added  to 
the  soap  solution  thus  obtained,  and  the  resulting  ppt.  collected  and  washed 
with  a  Httle  water. 

The  above  method  is  much  quicker  than  saponifTing  with  aqueous  soda, 
which  takes  a  very  long  time  on  the  small  scale. 

The  crude  mixture  of  acids  is  given  by  pouring  a  portion  of  the  soap 
solution  into  slightly  diluted  hot  hydrochloric  acid,  allowing  the  oil  to  set, 
removing  it  as  a  cake  and  washing  with  water. 

Purification  of  the  crude  adds  thus  obtained. 
Dissolve  the  cake  of  crude  acids  in  4-5  times  its  weight  of  alcohol.  Make  a 
solution  of  magnesium  acetate  by  dissolving  8  gms.  of  magnesium  oxide  in 
100  c.c.  of  25%  solution  of  acetic  acid  in  alcohol  for  every  100  gms.  of  the 
crude  acid.  Mix  the  two  solutions,  stir,  filter  off  the  ppt.  of  magnesium 
stearate  and  wash  with  a  little  alcohol.  Repeat  the  pptn.  with  similar 
amounts  of  magnesium  acetate  twice  more  from  the  filtrate,  and  wash  as 
before.  The  first  portion  of  the  ppt.  will  be  fairly  pure  magnesium  stearate, 
the  third,  impure  magnesium  oleate.  Boil  up  each  ppt.  with  dilute  hydro- 
chloric acid,  allow  the  molten  acid  to  set,  and  recrystallise  the  stearic  acid 
from  alcohol.  Its  M.P.  should  be  between  65°  and  70°  (pure  71°).  The 
impure  oleic  acid  is  dissolved  in  alcohol  and,  digested  on  a  water-bath  with 
litharge.  The  solution  is  filtered  and  treated  with  HCl  to  set  free  the  acid, 
which  is  recrystallised.    M.P.  14°. 

5.  Preparation  of  Glycerine  from  the  Soap  Ltes. 
The  solutions  from  which  the  soap  has  been  salted  out  are  called  "  soap 
lyes."  They  contain  glycerine  formed  as  already  indicated.  This  is  obtained 
by  neutralising,  filtering  and  evaporating  under  reduced  pressure.  The  residue, 
filtered  through  muslin  from  the  deposited  salts,  is  impure  glycerine,  which  is 
purified  by  distilling  with  steam  under  pressure  and  evaporating  the  distillate 
under  reduced  pressure.     The  method  is  not  often  worked  in  the  laboratory. 

Preparation  6. 
Sucrose  from  beet-root. 
500  gms.  of  sugar-beet,  cut  into  small  pieces  about  2  mm.  thick,  are 
extracted  with  water  kept  at  80°-90°.  This  is  conveniently  done  by  boiling 
under  a  reflux  condenser  under  slightly  reduced  pressure  for  30  minutes. 
Filter  and  warm  the  filtrate  with  a  little  milk  of  lime  (about  8  gms.  of  lime), 
whereby  the  acids  are  neutralised,  and  iron  and  magnesium,  etc.,  salts  pptd. 
Filter,  and  pass  carbon  dioxide  into  the  warm  solution.  Filter  from  the  ppt. 
of  calcium  carbonate  and  concentrate  by  evaporating  under  diminished 
pressure.  If  preferred  this  may  be  done  by  distilling  in  vacuo,  heating  on  a 
water-bath.  A  thick  syrup  is  obtained  which  takes  some  time  to  crystallise. 
The  mother-liquor  may  be  used  for  the  next  preparation. 


Digitized  by 


Google 


296  TEXT-BOOK  OF  1>RACT1CAL  CHEMISTRY 

Preparation  7. 

Glucose  from  siicrose. 

Make  a  10  %  solution  of  sucrose  in  90  %  alcohol,  and  add  10  c.c.  of  strong 
hydrochloric  acid  to  each  100  c.cs.  of  solution.  Warm  for  some  time  on  a 
water-bath  and  cool.    The  sucrose  is  thereby  "  inverted." 

CwH^On  +  H,0  =  C.HijOe  +  C«Hi,Oe. 

(dacoee)        (frootofle) 

Glucose  being  less  soluble  in  alcohol  than  fructose  crystallises  on  cooling  or 
evaporating  the  alcohol.  Further  purification  may  be  carried  out  by  frac- 
tional crystallisation,  which,  however,  is  very  tedious  owing  to  the  slowness 
of  crystallisation. 

Preparation  8. 

Lactose  from  milk. 

Milk  is  coagulated  by  the  addition  of  rennet  at  30^  C.  (10  c.cs.  of  rennet 
to  a  quart  of  milk).  It  is  set  aside  to  coagulate.  The  curd  is  well  broken 
up  with  a  glass  rod  and  strained  o£E  through  a  cloth.  The  whey  is  then 
filtered  if  necessary  and  evaporated  on  a  water-bath  to  crystallisation.  Lac- 
tose crystallises  with  one  molecule  of  water.  It  may  readily  be  purified  by 
recrystallisation.  The  properties  of  lactose  are  fully  described  in  the  chapter 
on  reactions  in  the  carbohydrate  group. 

Preparation  9. 
Oxalic  acid  from  carbohydrates. 

Warm  150  gms.  of  nitric  acid,  S.6.  1.32  to  50°  C,  in  a  large  flask  in  the 
fume-cupboard.  Add  carefully  and  gradually  30  gms.  of  cane-sugar ;  a 
violent  action  ensues  and  torrents  of  nitrogen  peroxide  are  evolved.  When 
finished,  evaporate  to  one-third  of  its  bulk,  and  set  aside  to  cool.  Remove 
the  crystals  which  form  by  filtering  through  glass-wool  and  recrystallise 
from  water. 

Another  method,  following  commercial  practice  more  closely,  is  to  heat 
a  mixture  of  50  parts  sawdust,  40  parts  caustic  potash,  and  60  parts  caustic 
soda  to  240-260°  for  7  hours  in  an  iron  pan.  Boil  the  cold  residue  with 
250  c.cs.  of  water,  decant,  filter  through  glasswool,  and  add  enough  calcium 
chloride  to  the  boiling  solution,  which  has  been  made  acid  with  acetic  acid, 
to  ppt.  all  the  oxalates  as  calcium  oicalate.  The  ppt.  is  filtered,  washed  with 
dilute  acetic  acid,  then  with  water,  dried  and  weighed.  It  is  then  boiled  for 
15  minutes  with  the  right  amount  of  4N  sulphuric  acid,  allowed  to  stand 
overnight,  filtered  from  the  calcium  sulphate  and  evaporated  to  crystallisation. 

Preparation  10. 

Malic  acid  from  unripe  apples. 

The  juice  is  pressed  out  of  the  fruit  by  a  press,  warmed,  filtered  and  heated 

gently  with  not  quite  enough  milk  of  lime  to  neutralise  it  (litmus).    The  ppt. 

is  treated  with  boiling  dilute  nitric  acid  (1  acid :  10  water).     On  cooling 

calcium  mono-malate  crystallises  out.     This  is  crystallised  from  water,  and 
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lead  acetate  added  to  its  aqueous  solution.  The  pptd.  lead  salt  is  suspended 
in  water  and  treated  with  hydrogen  sulphide  to  obtain  the  acid,  which  is 
evaporated  in  vactw.  Properties :  crystals,  S.6.  1*56,  M.P.  100° ;  rather 
insoluble  in  alcohol  and  water.  At  120°  it  is  transformed  into  fumaric  acid, 
and  at  175°-180°  into  maleic. 

Preparation  11. 

Tartaric  add  from  "  argol,*' 

In  wine-making,  the  acid  potassium  tartrate  present  in  the  grape- juice 
is  rendered  insoluble  by  the  alcohol  and  separates  as  a  brown  powder.  To 
obtain  tartaric  acid  from  it,  boil  with  water  and  chalk.  This  ppts.  calcium 
tartrate,  leaving  potassium  tartrate  in  solution.  Add  calcium  chloride  to 
the  boiling  liquid  till  no  more  calcium  tartrate  is  pptd.,  filter  and  treat  the 
calcium  tartrate  with  the  right  amount  of  dilute  sulphuric  acid  to  decompose 
it,  leave  overnight  to  allow  the  calcium  sulphate  to  crystallise,  filter,  evaporate 
filtrate  to  one-third  and  set  aside  to  crystallise. 

Preparation  12. 

Citric  acid  from  lemons. 

Heat  nearly  to  boiling  the  filtered  juice  of  three  or  four  lemons,  and  run 
in  a  suspension  of  chalk  in  water,  with  constant  stirring,  till  neutral.  Calcium 
citrate,  insoluble  in  hot  water,  is  pptd.  Filter,  wash  with  hot  water,  decompose 
with  dilute  sulphuric  acid  (avoiding  excess),  filter  when  cold  and  concentrate 
to  crystallisation. 

Preparation  13. 

Urea  from  urine. 

To  a  litre  of  urine  add  250  ccs.  of  a  mixture  of  1  vol.  of  saturated  barium 
nitrate  solution  and  2  vols,  of  saturated  barium  hydroxide  solution.  Stir 
well,  filter  ofi  the  phosphates,  sidphates,  etc.,  and  evaporate  to  a  thick  syrup. 
This  contains  urea,  chlorides,  creatinine  and  organic  salts.  Treat  with 
300  CCS.  of  95  %  alcohol  and  filter.  The  filtrate  now  contains  pigmented 
urea,  from  which  the  colouring  mattet  may  be  removed  by  t>oiling  with 
animal  charcoal,  filtering  and  crystallising.  From  this  urea  good  crystals  of 
urea  oxalate  may  be  made  by  adding  to  its  strong  solution  in  water  a  strong 
solution  of  oxalic  acid.    The  oxalate,  2CO(NH,)2,  C2H2O4,  H,0,  is  deposited. 

Preparation  14. 

Uric  acid  from  guano. 

Boil  the  guano  with  caustic  soda  till  no  more  ammonia  is  evolved,  filter 
and  add  a  few  ccs.  of  concentrated  hydrochloric  acid  (more  than  enough  to 
neutralise  the  caustic  soda).    The  uric  acid  is  deposited  on  standing. 

Preparation  15. 

Hippuric  acid,  C^U^ .  CO  .  NH .  CH^ .  COOH. 

To  a  litre  of  the  urine  of  a  herbivorous  animal  (horse  or  cattle)  add  excess 
of  milk  of  lime  and  boil.    Filter  while  hot  and  concentrate  the  filtrate.    Cool 
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and  acidify  strongly  with  concentrated  hydrochloric  acid.  Set  aside  and 
filter  o£E  the  crystals  of  hippuric  acid  which  separate.  To  purify,  wash  them 
with  a  litUe  cold  water  and  dissolve  in  hot  water.  Run  this  solution  through 
a  mass  of  animal  charcoal  in  a  fimnel  and  wash  through  with  hot  water. 
Filter  and  concentrate.  The  acid  prepared  in  this  ^ay  cannot  be  quite 
freed  from  a  slight  smell  connected  with  its  source.  The  pure  acid  must 
be  synthesised.    M.P.  187°. 

Preparation  16. 

Benzoic  acid  and  glycine  from  hipjmric  acid. 

Benzoic  acid,  C^HgCOOH,  is  prepared  from  hippuric  acid  by  hydrolysing 
with  strong  hydrochloric  acid.  A  strong  solution  of  hippuric  acid  is  treated 
with  four  times  its  weight  of  strong  hydrochloric  acid  and  boiled  for  an  hour 
in  a  flask  with  a  reflux  condenser.  It  is  then  allowed  to  cool  and  the  benzoic 
acid  which  separates  is  recrystallised  from  hot  water.  The  filtrate  is  evapor- 
ated to  crystallisation,  when  glycine  hydro-chloride  forms.  It  is  washed 
on  the  filter  with  a  little  ether  to  free  from  benzoic  acid.  The  free  acid 
is  madfe  from  the  hydrochloride  by  preparing  the  lead  salt  by  treatment  with 
freshly  pptd.  lead  hydroxide,  filtering  off  the  lead  chloride  and  saturating 
the  filtrate  with  hydrogen  sulphide.  The  lead  sulphide  is  filtered  off  and  the 
filtrate  evaporated.  Glycine  is  a  thick  liquid  which  crystallises  to  large 
colourless  crystab,  soluble  in  water,  not  soluble  in  alcohol  or  ether.  It  melts 
at  236°  with  decomposition.  It  gives  a  red  coloration  with  ferric  chloride. 
See  p.  334. 

Preparation  17. 

Tyrosvn  (jp-oxyphenylra-afninopropionic  add)  from  silk  waste, 

OH .  CeH4 .  CHj .  CH(NH,) .  COOH. 

Boil  40  gms.  of  silk  waste  with  120  c.cs.  of  strong  hydrochloric  acid  under 
a  reflux  condenser  for  6  hours.  Evaporate  the  brown  solution  under  dimin- 
ished pressure  and  dissolve  the  residue  in  hot  water,  filter  and  make  up  to 
a  known  volume.  Find  the  strength  of  the  acid  in  a  portion  by  titration  with 
caustic  soda.  Add  to  the  main  solution  the  exact  amount  of  soda  necessary 
to  neutralise  it,  stirring  constantly  and  cooling  with  ice.  Stand  in  iced 
water  for  an  hour  and  filter  off  the  tyrosin  at  the  pump.  Dissolve  in  hot 
water,  boil  with  4  gms.  of  animal  charcoal  and  filter.  Stand  aside  to  crystal- 
lise.   Concentrate  the  mother-liquor  for  a  second  crop.     Yield,  5-6  %. 

Preparation  18. 

Cystine,    (a-diamino-p-dithio-dilactic  acid) 

COOH  .  CH(NHj) .  CH, .  S .  S .  CHj .  CH(NH,) .  COOH. 

In  a  litre  flask  boil  up  150  gms.  of  horse-hair  with  500  c.cs.  of  strong 
hydrochloric  acid  for  6  hours  (reflux) ;  dilute  the  filtered  liquid  with  a  litre 
of  water  and  add  concentrated  caustic  potash  (1  in  3)  till  only  just  acid. 
Warm  and  stir  with  10  gms.  of  animal  charcoal,  then  filter,  neutralise  exactly 
with  potash  and  set  aside  for  6  days,  when  crude  cystine  will  be  pptd.  Filter, 
wash  and  dissolve  it  in  a  little  10  %  ammonia,  treat  with  animal  charcoal  and 
ppt.  cystine  from  the  filtrate  by  dilute  acetic  acid.    Yield,  about  4  gms. 
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ALKALOIDS,  ETC. 

Preparation  19, 
Nicotine  from  tobacco,  CiQJii^}^2' 
Boil  200  gms.  of  powdered  tobacco  with  water  and  concentrate  the  filtered 
extract.  Add  excess  of  milk  of  lime  or  caustic  soda  solution  and  distil  in 
steam.  Neutralise  the  distillate  with  hydrochloric  acid,  evaporate  to  a 
small  volume  and  make  alkaline  with  caustic  soda.  Extract  the  liberated 
nicotine  with  ether  and  distil  ofi  the  latter,  when  the  nicotine  will  be  left  as 
an  oil ;  B.P.  247**  C.  It  may  be  dried  by  warming  and  blowing  through  it 
a  current  of  hydrogen.    Yield,  about  0*5  %  of  the  tobacco. 

Preparation  20. 

Qtiinine,  C20H24N2O2, /rom  cinchona  bark. 

The  finely-powdered  bark  is  mixed  with  slaked  lime  and  water  to  a  paste. 
This  is  heated  to  dryness  on  water-bath  and  extracted  with  a  mixture  of 
chloroform  and  ether  (equal  vols.).  Shake  the  extract. with  successive  small 
quantities  of  dilute  sulphuric  acid.  This  dissolves  out  the  alkaloids  as 
sulphates.  Neutralise  the  combined  solutions  with  ammonia,  concentrate 
somewhat  and  allow  to  crystallise.  Quinine  sulphate  forms  first  and  is  re- 
crystallised  to  free  it  from  cinchonine  sulphate.  Dissolve  the  quinine  sulphate 
in  water,  add  caustic  soda  solution  and  recrystallise  the  pptd.  quinine  from 
alcohol. 

Preparation  21. 

Caffeine,  C8H10N4O2, /ram  tea,    (Allen,  Pharm,  Zeit,,  1897  (8)  .) 

10  gms.  of  powdered  tea  are  boiled  with  500  c.cs.  of  water  for  6  hours 
(reflux).  Filter  the  extract  and  dilute  to  700  c.cs.  Boil  and  remove  the 
colour  by  stirring  in  5  gms.  of  lead  acetate.  Filter,  concentrate  600  c.cs. 
of  the  filtrate  to  50  c.cs.  Ppt.  the  excess  of  lead  by  adding  sodium  phosphate 
solution  and  filter.  Evaporate  the  filtrate  somewhat  and  extract  the  caffeine 
by  successive  small  quantities  of  chloroform.  Finally  evaporate  the  combined 
solutions  to  free  from  chloroform.    Silky  needles  of  caffeine  are  left. 

Preparation  22. 

Indigo  from  urine.    (Obermayer^s  method). 

Though  minute  quantities  are  obtained,  this  process  is  of  importance 
for  determining  the  amount  of  indican  (indoxyl-sulphuric  acid,  C8H7NSO4) 
in  the  urine.  Urine  acidified  with  acetic  acid  is  pptd.  with  one-tenth  of  its 
volume  of  basic  lead  acetate  solution,  the  latter  not  being  added  in  excess. 
Filter,  and  to  the  filtrate  add  an  equal  volume  of  cone.  HCl  containing  3  gm. 
FeClg  per  litre  to  oxidise  the  indican.  Add  a  few  ccs.  of  chloroform  and  shake. 
The  indigo  is  dissolved  by  the  chloroform  giving  a  blue  solution  which  may 
be  compared  colorimetrically  with  an  indigo  solution  of  known  strength. 
(See  p.  394.) 
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PART  11. 
ORGANIC  PREPARATIONS— ALIPHATIC  DIVISION. 

CHAPTER  I. 

* 

L    THE  PBEPABATION  AND  PBOPEBTIES  OF 
DERIVATIVES  OF  THE  ALCOHOLS. 

1.  Rectification  of  metliylated  spirit. — Ab  many  organic  substances  require 
alcohol  for  their  preparation,  it  is  necessary  to  be  able  to  purify  methylated 
spirit  if  nothing  purer  is  available.  If  *'  industrial "  spirit  is  used  it  is 
unnecessary  to  do  more  than  dry  it  by  distillation  from  quicklime,  when 
it  will  serve  for  all  purposes  in  this  book  where  alcohol  is  mentioned  unless 
it  is  definitely  stated  otherwise.  If  industrial  spirit  is  not  available,  the  spirit 
must  be  boiled  with  3-4%  of  caustic  potash  for  2  hours  (reflux).  This 
resinifies  the  aldehydes.  The  brown  liquid  is  then  distilled,  stopping  when 
the  temperature  reaches  80°.  To  dry  the  product,  distil  again  after  standing 
overnight  with  quicklime.  It  is  necessary  that  the  product  should  mix  with 
water  without  turbidity ;  if  it  does  not,  hydrocarbons  are  present,  and  must 
be  removed  by  calcium  chloride  as  described  for  the  removal  of  acetone  under 
methyl  alcohol,  p.  293. 

Properties  of  the  alcohols.— i/Lethjl  alcohol,  CHjOH. 

(1)  Colourless  liquid,  B.P.  66**  C,  mobile,  miscible  with  water,  bums  with 
a  blue  flame,  slight  odour  when  pure. 

(2)  A  small  piece  of  sodium  thrown  into  a  few  c.cs.  causes  evolution  of 
hydrogen,  and  on  evaporation  a  white  hygroscopic  residue,  sodium  methylate, 
CH^ONa,  remains. 

(3)  Phosphorus  pentachloride  reacts  violently,  causing  evolution  of 
hydrochloric  acid. 

(4)  If  a  few  drops  are  placed  in  a  small  test-tube  and  a  heated  platinum 
wire  is  held  in  the  tube  above  the  liquid,  the  wire  continues  to  glow  in  the 
vapour,  formaldehyde,  H.CHO,  being  produced. 

(5)  It  is  oxidised  by  distillation  with  chromic  acid  to  formic  acid.  Distil 
a  little  with  solid  potassium  dichromate  and  dilute  sulphuric  acid,  and  catch 
the  distillate  in  another  tube.  Test  for  a  formate,  after  neutralising  with 
ammonia  (p.  340). 

(6)  It  will  not  give  the  iodoform  test. 
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Ethyl  alcohoh  CgHjOH. 

(1)  Colourless  liquid,  B.P.  78®  C,  mobile,  miscible  with  water,  burns, 
very  slight  odour  when  pure. 

(2)  and  (3)  As  for  methyl  alcohol. 

(4)  If  treated  with  chromic  acid  as  in  (5)  above,  a  characteristic  smell  of 
acetaldehyde  is  obtained,  CH3CHO. 

(5)  To  a  solution  of  sodium  carbonate  add  iodine  till  a  yellow  colour 
just  persists  at  50®  C.  and  add  a  few  drops  of  alcohol.  A  yellow  ppt.  with  a 
characteristic  odour,  iodoform,  CHI3,  appears,  unless  the  alcohol  is  very 
dilute. 

-  N.B. — Aldehyde  and  acetone  also  give  this  test. 

(6)  Add  1  c.c.  of  sulphuric  acid  to  1  c.c.  of  alcohol,  and  a  little  glacial 
acetic  acid.    A  pleasant  odour  of  ethyl  acetate,  CH3 .  COOCgH^,  results. 

2.  Preparation  of  alcoholates. — Sodium  methylate  and  ethylate  are  made 
by  dissolving  sodium  in  the  pure  alcohol  and  evaporating  on  the  water-bath 
in  a  test-tube  through  which  is  passed  a  current  of  pure  dry  hydrogen. 

Aluminium  ethylate  (O.B.,  Dec.  1913 ;  Chem.  News,  Dec.  1913). 

Dip  dean  aluminium  foil  into  mercuric  chloride  solution  to  amalgamate 
the  surface.  Wash  with  a  little  water,  dry  and  dip  into  absolute  alcohol 
in  which  some  sodium  has  been  dissolved.  A  grey  powder,  (C2H50)3A1,  is 
deposited.    It  is  decomposed  by  water. 

3.  Preparation  of  Estorf. — (a)  For  general  preparation  of  esters  of  organic 
acids,  see  pp.  319,  320. 

(b)  Preparation  of  an  add  ester  and  its  salts. 

Ethyl  hydrogen  sulphate  :  Ethyl  potassium  sulphate. — To  200  gms.  (250 
CCS.)  of  absolute  alcohol,  add  slotdy  150  gms.  (80  c.cs.)  of  strong  sulphuric 
acid.  Allow  the  temperature  to  rise  to  80*^-90*^  C.,  and  then  heat  on  a  water- 
bath  with  a  reflux  condenser  for  half  an  hour. 

C3H5OH  +  H3SO4 = CjHgHSO^  +  HgO. 

Cool,  add  ice  to  the  liquid  in  a  large  basin,  then  a  litre  of  water.  Neutralise 
with  chalk  or  barium  carbonate.  Filter  the^  solution  of  calcium  or  barium 
ethyl  sulphate  from  the  calcium  or  barium  sulphate  and  evaporate  to  crystal- 
lisation. 

To  obtain  the  potassium  salt,  add  a  strong  solution  of  potassium  carbonate 
to  the  calcium  salt  till  the  reaction  is  just  alkaline,  then  a  little  more  of  the 
calcium  salt  solution  till  just  neiitral.    Filter  and  evaporate. 

If  the  ethyl  hydrogen  sulphate  itself  is  required,  add  dilute  sulphuric  acid 
to  the  barium  salt  solution  till  no  more  ppt.  forms ;  filter  and  evaporate 
in  a  vacuum  desiccator. 

Properties  of  C2H5HSO4. — Oily  liquid,  strongly  acid,  soluble  in  water, 
decomposes  when  heated  thus  : 

C2H6HS04=C^4+H^04. 

(c)  Pr^;iaration  of  an  inorganic  ester  from  an  alcohol  and  an  add  or  add 
chloride.  -* 

Ethyl  nitrite,  CjHg .  0 .  NO  (Dunstan  &  Dymond). — ^A  cooled  mixture  of 
32  c.cs.  of  alcohol,  32  c.cs.^of  water  and  13*5  c.cs.  of  strong  sulphuric  acid  is 
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diluted  to  120  c.cs.  and  dropped  slowly  from  a  tap-funnel  into  an  ice-cooled 
solution  of  35  gms.  of  sodium  nitrite  in  120  c.cs.  of  water.  The  nitrite  should 
be  in  a  tall  beaker,  and  the  alcohol  mixture  delivered  to  the  bottom  of  the 
solution  by  standing  the  tap-funnel  in  the  beaker.  The  ester  floats  up  and 
is  separated  by  a  funnel.  Distil  on  a  water-bath  after  standing  for  a  time 
with  a  little  fused  calcium  chloride,  cooling  the  receiver  with  ice.  Yield, 
almost  theoretical. 

It  is  a  pleasant-smelling  liquid.    B.P.  17®  C. 

{d)  Amyl  nitrite  may  be  prepared  in  an  exactly  similar  manner,  using 
30  gms.  of  amyl  alcohol,  30  gms.  of  strong  sulphuric  acid,  and  adding  it 
slowly  to  25  gms.  of  potassium  nitrite  in  15  c.cs.  of  water.  When  added, 
pour  in  more  water,  separate,  wash,  dry  and  distil.  B.P.  96°  C.  Avoid 
smelling  the  amyl  nitrite  as  it  causes  dilation  of  the  blood-vessels. 

{e)  Ethyl  8ulpliate»  S02(OG2H5)2. — The  calculated  quantities  of  absolute 
ethyl  alcohol  and  of  sulphuryl  chloride  are  weighed  out.  The  chloride  is  added 
gradually,  with  cooling,  through  the  tube  of  a  reflux  condenser  to  the  alcohol 
in  the  flask.  When  added,  warm  to  50°  C.  for  half  an  hour,  wash  with  cold 
dilute  sodium  carbonate  till  free  from  hydrochloric  acid,  dry  over  anhydrous 
sodium  sulphate  and  rectify  under  reduced  pressure :  colourless  oily  liquid, 
B.P.  208°  (decomposition)  at  ordinary  pressure.     Vapour  highly  poisonous. 

4.  Preparation  of  ethyl  ether. — (a)  Take  equal  vols,  of  alcohol  and  strong 
sulphuric  acid,  and  add  slowly  the  latter  to  the  former,  cooling  if  the  tempera- 
ture rises  above  80°-90°.  WTien  mixed,  place  in  a  distilling  flask  fitted  with 
a  tap-funnel  and  thermometer,  and  connected  to  a  condenser  fitted  with  an 
adapter,  the  end  of  which  is  immersed  in  a  flask  containing  water  and  a  few 
lumps  of  ice  ;  cool  the  receiver  with  ice  outside  also.  Warm  the  mixture  on 
a  sand-bath  till  the  temperature  is  140°  C.  Then  drop  alcohol  in  from  the 
tap-funnel  at  the  same  rate  as  the  liquid  distils,  keeping  the  temperature 
at  140°  C.  Stop  when  as  much  alcohol  has  been  added  as  was  taken  originally. 
The  receiver  contains  ether,  alcohol  and  some  water.  Add  a  little  salt  to  the 
distillate,  shake,  allow  to  settle  and  draw  off  the  upper  layer  of  ether.  Shake 
it  with  an  equal  vol.  of  4  %  sodium  carbonate  to  remove  sulphurous  acid. 
Separate,  stand  overnight  with  fused  calcium  chloride,  and  distil  off  the  ether 
(after  filtering)  on  a  water-bath  which  has  been  heated  and  the  flame  removed. 

Properties. — Colourless  liquid  with  characteristic  odour.  B.P.  35°  C. 
S.G.  0-736. 

For  some  purposes  pure  dry  ether  is  required.  Traces  of  water  and 
alcohol  are  removed  by  adding  small  pieces  of  sodium  till  no  further  action 
takes  place,  and  distilling  again. 

(6)  Williamson's  method. — Any  ether  may  be  made  in  this  way,  including 
mixed  ethers.  c^ONa  +  C^HJ  =  Nal  +  (Cja^)fi. 

Place  50  c.cs.  of  alcohol  in  a  flask  fitted  with  a  reflux  condenser  and 
standing  on  a  water-bath.  Dissolve  3  gms.  of  sodium  in  it,  and  then  add 
17  gms.  of  ethyl  iodide.  Heat  till  sodium  iodide  is  deposited,  then  distil. 
Pui^y  as  in  (a). 

Ethyl-propyl  ether  may  be  made  similarly  by  using  a  corresponding 
amount  of  propyl-iodide  instead  of  ethyl-iodide. 
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5.  Ethylene,  G2H4,  and  Ethylene'  bromide,  G2H4Br2.— In  a  2-litre  flask 
place  a  little  sand  (to  prevent  frothing)  and  a  mixture  of  90  c.cs.  of-  strong 
sulphiiric  acid  and  30  c.cs.  of  alcohol.    Heat  till  the  gas  is  evolved. 

C2H5OH  +  H2SO4  =  CJH5HSO4  +  HjO, 

Drop  in  from  a  tap-funnel  a  mixture  of  equal  vols,  of  alcohol  and  strong 
sulphuric  acid.  The  gas  is  firstly  washed  with  concentrated  caustic  soda  and 
then  led  into  bromine  in  two  absorption  vessels  as  shown  in  Fig.  97.  The 
first  contains  40  gms.  (13  c.cs.)  of  bromine  and  4  c.cs.  of  water  ;  the  second 
12  gms.  (4  c.cs.)  of  bromine  and  1  c.c.  of  water.  A  vessel  of  soda-lime  is  attached 
to  the  second  bottle  to  prevent  the  escape  of  bromine.  If  necessary  renew  the 
soda  in  the  wash-bottle  and  if  the  contents  of  the  generator  char  badly,  a  fresh 
mixture  should  be  taken.  After  a  few  hours  the  bromine  becomes  a  pale  straw 
colour.  Shake  up  the  contents  of  the  two  bottles  with  an  equal  vol.  of  dilute 
caustic  soda  in  a  separating  funnel  and  run  off  the  heavy  oily  layer,  wash  it 
with  water,  separate  again  and  warm  it  with  fused  calcium  chloride.  Filter 
and  fractionate.    Take  the  distillate  at  130°-132°  C. 

Colourless  liquid,  solidifjring  to  white  crystals  at  9*5®,  S.6.  2*  18  at  18®. 

Preparation  of  halogen  derivatiyes  from  alcohols. 

6.  Ethyl  chloride  by  direct  esteriflcation. — (a)  In  a  flask  place  10  gms. 
of  common  salt  and  20  c.cs.  of  alcohol.  Fit  the  flask  with  a  tap-funnel  and  an 
upright  condenser,  from  the  top  of  which  a  tube  leads  to  a  U-tube  immersed 
in  a  freezing  mixture.  Hence  a  tube  leads  to  an  absorption  vessel  for 
excess  of  HCl.  Drop  slowly  in  from  the  tap-funnel  10  gms.  of  strong 
sulphuric  acid,  and  warm  on  the  water-bath.  Keep  water  at  15°-20°  C. 
circulating  round  the  condenser.  Ethyl  chloride  collects  in  the  U-tube. 
B.P.  12^  C.    It  should  be  preserved  in  a  sealed  tube. 

{b)  Orove's  process. — Pass  a  rapid  stream  of  hydrochloric  acid  gas  through 
a  small  empty  flask  and  then  through  a  flask  containing  100  c.cs.  of  alcohol 
and  40  gms.  of  zinc  chloride,  standing  in  a  water-bath.  The  empty  flask  is 
to  prevent  alcohol  from  being  drawn  into  the  generator.  The  alcohol  is 
warmed  gently  whilst  the  gas  is  passing.  The  rest  of  the  apparatus  and 
procedure  are  the  same  as  in  (a). 

7.  Ethyl  bromide  by  direct  esteriflcation.— To  60  gms.  of  95%  alcohol 
add  slowly,  with  constant  stirring,  120  gms.  (66  c.cs.)  of  strong  sulphuric  acid. 
Cool  the  flask  to  the  room  temperature  and  add  slowly  (1)  30  gms.  of  ice ; 
(2)  60  gms.  of  powdered  potassium  bromide.  Connect  with  a  Liebig  condenser 
fitted  with  an  adapter,  the  end  of  which  dips  under  water  and  ice  in  the 
receiver.  Distil  fairly  quickly,  keeping  the  receiver  at  0°  C.  As  soon  as  oily 
drops  cease  to  collect  below  the  water  in  the  receiver,  stop  the  reaction  and 
separate  the  product  from  the  water  in  the  receiver.    Shake  it  with 

(1)  successive  quantities  of  water  ; 

(2)  dilute  sodium  carbonate 

in  a  separating  funnel,  keeping  the  funnel  open  in  (2)  to  permit  the  escape  of 
COj.    Then  stand  overnight  with  calcium  chloride  in  a  closed  vessel  in  a  cool 
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place.  Filter  and  distil  off  the  ethyl  bromide  on  a  water-bath  kept  at  60*'-70°. 
Collect  the  portion  coming  over  at  37-40"^  C.  Seal  up  in  a  glass  tube.  Yield, 
40-50  gms. 

8.  Any  bromide. — In  a  flask  of  suitable  size  place  a  mixture  of  the  cal- 
culated amounts  of  the  alcohol  (in  this  case  75  c.cs.  of  95  %  alcohol)  and  red 
phosphorus  (10  gms.).  The  required  amount  of  bromine  is  then  run  slowly 
in  from  a  tap-funnel  (22  c.cs.  here)  with  constant  cooling  and  shaking.  Leave 
the  mixture  overnight  and  distil  off  the  ethyl  bromide  from  a  water-bath 
as  in  (a)  above,  having  a  soda-lime  tower  attached  to  the  receiver  to  absorb 
hydrobromic  acid  fumes.    Purify  as  before. 

Reaction  :    PBrj  +  3CJH5OH = P(0H)3  +  3C2H5Br. 

N,B. — ^With  higher  bromides  the  procedure  is  slightly  modified  to  suit 
the  higher  boiling-point,  etc.    See  next  preparation. 

Properties  of  ethyl  bromide.— (1)  Colourless  liquid,  B.P.  38*^  C,  insoluble 
in  water,  soluble  in  alcohol  or  ether.    S.6. 1'4&  at  15^  C. 

(2)  Should  give  no  ppt.  with  AgNOg,  but  on  addition  of  nitric  acid  and 
heat  a  ppt.  of  AgBr  slowly  forms. 

(3)  Heated  with  alcoholic  potash,  is  decomposed  into  the  define  and 
HBr(KBr). 

CjHjBr  +  KOH  =  KBr  +  H^O  +  CjH^. 

9.  Preparation  of  secondary  butyl  bromide  (Freundler,  BtM.  Soc.  Chim,  (3), 
XXXV.  p.  110). 

CHj.CHa.CHBr.CHa. 

To  26  gms.  of  secondary  butyl  alcohol  add  slowly  5  gms.  of  PBrj  or  the 
correspondmg  amoimts  of  red  phosphorus  followed  by  bromine,  as  in  (6). 
Keep  the  temperature  below  \(f  C.  Leave  overnight,  warm  on  water-bath 
for  half  an  hour  (reflux),  when  the  liquid  separates  into  two  layers.  Wash  as 
above,  dry  and  rectify. 

N.B, — ^When  preparing  the  higher  bromides,  it  is  advisable  to  use  phos- 
phorus bromide  if  obtainable,  instead  of  phosphorus  and  bromine  as  the 
bromide  often  forms  a  kind  of  emulsion  with  the  excess  of  phosphorus  (if  any) 
and  water,  this  emulsion  being  difficult  to  handle. 

10.  Preparation  of  iodides.  Ethyl  iodide  by  phosphorous  iodide  method. — 
This  is  in  most  respects  similar  to  the  preparation  of  ethyl  bromide,  except 
that  the  iodine  is  dissolved  in  as  much  of  the  alcohol  as  is  necessary,  so  that 
it  can  be  added  through  the  funnel.  In  the  flask  put  10  gms.  of  red  phos- 
phorus and  as  much  of  the  75  c.cs.  of  alcohol  as  may  be  necessary  to  dissolve 
the  iodine.  Use  100  gms.  of  iodine.  Heat  the  reaction  mixture  with  a  reflux 
condenser  on  the  water-bath  for  2  hours  before  distilling.    B.P.  72*^. 

Properties. — 1.  Colourless  liquid  when  pure ;  usually  coloured  with  iodine. 
B.P.  72"*;  S.Q.  1-95  at  15**.  Insoluble  in  water,  soluble  in  alcohol  and 
ether. 

2.  On  shaking  with  silver  nitrate  solution,  silver  iodide  is  slowly  pptd., 
assisted  by  warming.    (Note  difference  from  ethyl  bromide.) 

3.  Warmed  with  alcoholic  potash,  ethylene  and  potassium  iodide  are 
produced.    (See'preparation  7,  page  309). 
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Preparation  of  trihalogen  derivattves. 

11.  Chloroform,  CHda. — Into  a  2-litre  round-bottomed  flask  put  a  mixture 
of  150  gms.  of  good  bleaching  powder  and  300  c.cs.  of  water,  groimd  to  a 
cream.  Rinse  into  the  flask  with  another  300  c.cs.  of  water  and  add  50  c.cs. 
of  acetone  or  alcohol.  Connect  the  flask  to  a  condenser  and  receiver,  and 
warm  on  a  water-bath.  K  the  reaction  becomes  too  vigorous,  cool  the  flask 
in  a  bowl  of  water.  Finally  distil  from  a  sand-bath  till  no  more  oily  drops 
collect.  Separate  the  chloroform,  shake  it  with  very  dilute  (1  %)  caustic 
soda,  separate  again  and  stand  in  a  corked  distilling  flask  with  some  calcium 
chloride  till  quite  clear.    Distil  from  a  water-bafh.    B.P.  61°. 

Properties, — 1.  Colourless  liquid ;  characteristic  odour.  S.6. 1*6.  Almost 
insoluble  in  water,  soluble  in  alcohol. 

2.  Dissolves  iodine  to  give  a  purple  solution. 

3.  Warmed  with  alcoholic  potash  it  is  hydrolysed  to  formic  acid,  which 
may  be  detected  by  the  silver  mirror  test. 

CHa,-i-4K0H=H .  COOK-i-3Ka4-2H20. 

4.  A  few  drops  warmed  with  2  c.cs.  of  alcoholic  potash  and  a  drop  of 
aniline  give  the  penetrating  and  disagreeable  odour  of  phenyl  carbamine 
(iso-cyanide). 

CHa,  +  CeHj .  NHj  +  3K0H  =  CeHjNC  -I-  SKCl  +  3Bfi. 

(Pour  down  sink  and  flush  with  water  as  soon  as  observed.) 

5.  Burn  a  mixture  of  chloroform  and  alcohol  (1  or  2  c.cs.)  in  a  small  dish. 
Note  the  green-edged  flame  characteristic  of  halogen  derivatives. 

12.  Bromoform,  CHBTs  (MuUer  &  Loebe,  Zeit.  Elect,,  1904,  10,  409).— 
Electrolyse  a  mixture  of  60  gms.  of  potassium  bromide,  150  c.cs.  of  water, 
0*3  gms.  potassium  chromate  and  20  c.cs.  of  acetone,  with  a  current  of  3  amps, 
at  4  volts  for  4-5  hours. 

The  cell  is  a  beaker  of  200  c.cs.  capacity  cooled  in  a  bath  of  water.  The 
anode  is  a  cylinder  of  sheet  platinum  bent  to  fit  closely  inside  the  beaker, 
and  having  an  area  of  50  sq.  cm.  The  cathode  is  a  spiral  of  stout  platinmn 
wire  in  the  centre  of  the  cell.  The  temperature  must  not  rise  above  20®, 
and  the  potash  produced  at  the  cathode  is  neutralised  by  a  rapid  stream  of 
carbon  dioxide  from  a  tube  passing  to  the  bottom  of  the  cell,  which  also  serves 
to  keep  the  solution  well  stirred. 

Separate  the  bromoform,  free  it  from  dissolved  bromine  by  shaking  in  a 
separating  funnel  with  dilute  sodium  carbonate  and  acetone.  Dry  over 
calcium  chloride  and  distil.    B.P.  151°. 

Properties,— U,V.  7-6°  ;  S.G.  59°. 

Chemically,  closely  resembles  chloroform,  except  that  potassium  bromide 
instead  of  chloride  is  formed  in  the  reactions  described. 

13.  Iodoform,  CHI3. — ^Dissolve  10  gms.  of  sodium  carbonate  (anhydrous) 
in  50  gms.  water.  Warm  to  60°  and  add  7  c.cs.  of  alcohol  and  about  10  gms. 
of  iodine,  until  a  permanent  brown  colour  is  produced.  Discharge  this  with 
a  few  drops  of  the  soda  solution  kept  back  for  the  purpose,  warm  to  70°, 
and  set  aside  till  cold.  Filter  off  the  yellow  ppt.  of  iodoform  and  recrystal- 
lise  it  by  dissolving  in  20  c.cb,  of  ether,  shaldng  in  a  separating  funnel  with 

20 
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water,  separating,  drying  the  ether  solution  over  calcium  chloride  and  then 
allowing  it  to  evaporate  in  a  draught-cupboard  away  from  all  lighted  burners. 
Test  its  M.P. 

Properties. — 1.  Yellow  leaflets;  characteristic  odour;  M.P.  119**;  in- 
soluble in  water,  soluble  in  alcohol  and  ether. 

2.  Alcoholic  potash ;  similar  to  chloroform,  biit  potassium  iodide  is 
produced. 

3.  On  heating,  it  melts  and  decomposes,  liberating  iodine. 

The  iodoform  test  is  given  by  ethyl  alcohol,  aldehyde  and  acetone 
(see  p.  301).  Even  if  the  precipitate  is  not  always  produced  in  very  dilute 
solution,  yet  the  characteristic  odour  may  be  obtained. 
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CHAPTER  II. 

SUBSTITUTION  AND  ELIHINATION  OF  HALOGEN 
IN  HALOGEN  DERIVATIVES. 

1.  Substitation  by  hsrdroxyl.  Hydrolysis. — The  ease  with  which  this  can 
be  done  varies  greatly.  Monohalogen  derivatives  are  difficult  to  hydrolyse, 
whilst  di-  and  tri-derivatives  are  readily  acted  on  by  heating  with  aqueotis 
alkalis.  Alcoholic  potash  always  removes  the  halogen  together  with  hydrogen 
from  the  next  carbon  atom,  giving  unsaturated  derivatives. 

The  best  methods  for  mono-derivatives  are  : 

(a)  Direct  method, — Boil  for  an  hour  with  water  (reflux)  and  freshly-pptd. 
and  washed  silver  oxide  or  lead  hydroxide.  Filter  from  pptd.  chloride,  etc., 
and  fractionate  the  product,  finally  dehydrating  and  distilling  over  quicklime. 
(6)  Indirect  method. — Mix  the  iodide  with  the  calculated  quantity  of  silver 
acetate  and  a  little  ether.  Warm  (reflux),  separate  the  ester  by  distillation 
and  hydrolyse  by  boiling  with  potash  solution  (reflux).  Finally  distil  and  dry 
the  alcohol  as  in  (a). 

As  an  example  of  the  ease  of  hydrolysis  of  a  dihalide,  we  will  take  the 

Preparation  of  glycol  from  ethylene  dibromide  (Wurtz,  O.jR.,  43,  194. 
Haworth  &  Perkin,  J,C.8.,  69,  175).— Into  a  250  c.c.  flask  put  25  gms.  of 
ethylene  di-bromide,  20  gms.  of  dry  potassium  carbonate,  and  120  c.cs.  of 
water.  Boil  (reflux)  for  some  hours  till  the  bromide  layer  has  disappeared. 
(Add  more  reagents  and  continue  if  desired.)  Filially  distil  the  aqueous 
solution.  The  glycol  comes  over  with  the  steam.  Distil  the  product  in  vaciu), 
when  glycol  will  be  left  as  a  thick  syrup. 

Properties. — B.P.  195.  Sweet  taste ;  soluble  in  alcohol  and  water,  but 
not  in  ether. 

2.  Substitation  by  Hydrogen.  Preparation  of  Ethane. — By  reduction  of 
the  corresponding  mono-halide. 

Pour  dilute  copper  sulphate  solution  on  to  20  gms.  of  granulated  zinc. 
Decant  and  repeat  twice  as  the  colour  is  discharged.  Wash  the  zinc-copper 
couple  with  water.  Place  in  a  250  c.c.  flask  fitted  with  tap-funnel  and  delivery 
tube.  Slowly  drop  in  a  mixture  of  the  iodide  and  alcohol,  when  a  stream  of 
the  gas  is  evolved.    Collect  over  water. 

3.  Replacement  by  -NHg,  giving  amines. — ^When  the  halides  are  heated 
in  sealed  tubes  with  alcoholic  ammonia  to  100**,  mixtures  of  1*^,  2^^,  and  3^ 
amines  are  produced,  also  some  quaternary  ammonium  salt.  The  separation 
is  long  and  tedious  and  other  methods  of  preparing  each  kind  of  amine  separ- 
ately are  preferred. 
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4.  RepUcement  by  -  0N»  giving  nitriles. — ^This  reaction  is  of  great  importance, 
enabling  one  to  introduce  another  C  atom  and  so  pass  up  an  homologous  series. 

(a)  Preparation  of  snooino-nitrile,  ON  •  (CHa)^ .  CN.— Fit  a  500  c.c.  flask 
with  a  reflux  condenser  and  in  it  place  a  solution  of  50  gms.  of  Ethylene 
dibromide  in  75  c.cs.  of  alcohol.  Warm  gently  on  a  water-bath,  and  add 
gradually  through  the  condenser  tube  250  c.cs.  of  a  cold  concentrated  aqueous 
solution  of  potassium  cyanide.  Boil  for  2  hours,  cool,  decant  from  the 
potassium  bromide  and  evaporate  in  a  distillation  apparatus  under  reduced 
pressure,  heating  on  a  water-bath.  The  residue  is  taken  up  in  alcohol,  the 
alcohol  distilled  ofi,  and  the  residue  fractionated  under  reduced  pressure. 

B.P.  147°  under  10  mm.  pressure. 

(b)  Preparatioikof  aoeto-nitrile,  CH3ON. — Dissolve  50  gms.  of  ethyl  bromide 
in  75  c.cs.  of  alcohol  in  a  flask  fitted  with  a  reflux.  Boil  on  a  gently-heated 
sand-bath  and  slowly  add  200  c.cs.  of  concentrated  potassium  cyanide  solution. 
Boil  for  an  hour,  cool,  decant  from  the  potassium  bromide  and  distil.  To 
the  distillate  add  saturated  potassium  carbonate  solution,  followed  by  solid 
carbonate  till  no  more  will  dissolve.  The  nitrile  separates  as  the  upper  layer. 
Separate,  dry  over  calcium  chloride  and  distil.    B.P.  82°. 

Properties, — 1.  Colourless  liquid  with  characteristic  smell.    B.P.  82°. 
2.  Boiled  with  sulphuric  acid  (1 : 1)  for  an  hour  (reflux)  it  is  hydroljrsed 
to  acetic  acid  and  ammonia. 

(c)  Alternative  method  (Quillemard,  Ann.  Chem.,  14,  363  (1908).— Heat 
7*5  gms.  of  ethyl  iodide  and  31  gms.  of  pure  KCN  to  250°  for  16  hours  in  at 
bomb-tube  (see  Carius'  Method  of  Estimating  Halogens,  etc.).  When  finished 
the  contents  are  mixed  with  20  c.cs.  of  water  in  a  flask  (the  tube  being  washed 
out  with  2  c.cs.  of  alcohol  and  added  to  the  main  solution).  Add  2  c.cs.  of 
lime-water  and  distil. 

Yield  about  half  the  weight  of  cyanide  used. 

5.  Replacement  by  -NO,,  giving  nitro-paratflns  and  nitrites  (Victor 
Meyer,  A.  1874, 171, 18). — The  iodide  is  treated  with  silver  nitrite. 

(a)  Preparation  of  silver  nitrite. — ^Dissolve  25  gms.  of  silver  nitrate  in 
25  c.cs.  of  water  and  add  15  gms.  of  potassium  nitrite  in  40  c.cs.  of  water. 
Stir  well,  cool,  filter  ofl  the  pptd.  silver  nitrite,  wash  well  with  ice-cold,  small 
quantities  of  water  and  dry  in  a  desiccator  in  the  dark. 

(6)  Preparation  of  nitro-ethane. — ^Put  20  gms.  of  silver  nitrite  in  a  lOO'c.c. 
roimd-bottomed  flask  fitted  with  a  dropping  funnel  and  a  reflux  condenser. 
Add  slowly  16  gms.  of  ethyl  iodide.  Do  not  allow  it  to  boil  too  violently. 
When  all  is  added,  warm  on  a  water-bath  and  then  distil  all  that  comes  over 
below  100°.  Return  this  to  the  reaction  flask  and  heat  it  again.  Return 
the  distillate  once  more  and  distil  again.  The  nitro-ethane  comes  over  at 
110°-114°,  the  ethyl  nitrite  at  18°. 

Properties  of  nitro-ethane. — 1.  Liquid,  colourless  when  pure.  B.P.  113°- 
114°  ;  S.G.  106  at  13°. 

2.  Easily  soluble  in  alkalis,  forming  a  "  salt."  Nef  (1894)  showed  that 
this  had  the  constitution  ^^.^ 

c,h,=n4 

and  that  the  nitro-paraffin  is  a  pseudo'^und. 
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3.  If  potasaium  nitrite  be  added  to  the  alkaline  solution,  followed  by 
dilate  sulphuric  acid  drop  by  drop,  a  red  colour  is  obtained,  due  to  the  potas- 
sium salt  of  a  nitroUc  acid 

^NOH 
CH, .  CH, .  NO,  +  0 :  NOH  =  CH,Cf  +  H,0. 

^NO, 

Similarly  treated,  a  secondary  nitro-paraffin  gives  a  blue  compoimd,  soluble 
in  chloroform,  known  as  a  pseudo-nitrd, 

/NO 
(CHj), .  CHNOg  +  HONO  =  (013)3 .  C<         +  Hja 

^NOj 

Tertiary  nitro-paraffins  do  not  react  at  all  with  nitrous  acid. 

V.  Meyer  employed  these  reactions  to  distinguish  between  1'^ ,  2*^  and 
3*^  aicohoh  (via  the  halide  and  nitro-paraffin). 

N,B, — Methyl  iodide  and  silver  nitrite  give  chiefly  nitro-methane. 

Ethyl  iodide  gives  about  equal  amoimts  of  each.  Higher  iodides  give  less 
and  less  nitro-paraffin  and  more  and  more  nitrite. 

6.  Replaoement  by  alkyl  groups.— Wurtz's  reaction.    E,g, 

2CH3I  +  2Na  =  C3H3  +  2NaI. 

The  reaction  is  carried  out  quantitatively  by  dropping  small  pieces  of  sodium 
into  the  ethereal  solution  of  the  halide.    Collect  the  gas  over  water. 

7.  Removal  of  hydrogen  halide  from  a  halogen  compound. 

Preparation  of{S;E}from{gEj;^„Jbron.ide. 

Arrange  a  distilling  flask  on  a  sand-bath.  Fit  it  with  a  tap-funnel  and  a 
condenser  sloping  upwards.  Attach  the  upper  end  of  the  condenser  to  a 
delivery-tube  leading  to  a  pneumatic  trough.  In  the  flask  place  75  c.cs.  of 
concentrated  methylated  spirit  solution  of  potash.  Warm  gently  and  slowly 
drop  in  the  halide  from  the  funnel.  The  gas  evolved  is  collected  in  the  usual 
way. 

Properties  of  acetylene. — 1.  Colourless  gas,  burns  with  lurid  smoky  flame 
(intense  white  flame  when  a  proper  burner  is  used).  Very  explosive  when 
mixed  with  air. 

2.  Gives  ppts.  with  ammoniacal  solutions  of  cuprous  chloride  (red)  or 
silver  oxide  (white)  which  are  very  explosive  when  dried.  The  copper  salt 
has  the  formula  CU3C3  when  dry  and  regenerates  acetylene  when  warmed 
with  acid. 

3.  Shaken  with  bromine  water  or  alkaline  permanganate,  the  reagent  is 
decolorised. 

Note. — The  usual  preparation  of  acetylene  from  calcium  carbide  gives  a 
very  impure  gas.    It  may  be  purified  via  the  copper  compound  as  above. 
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CHAPTER  III. 

OXIDATION  PBODUCTS  OF  ALCOHOLS. 

Thb  oxidation  of  alcohob  to  aldehyds  or  ketones  is  usually  carried  out  by 
chromic  acid.  In  the  case  of  methyl  alcohol,  however,  this  is  too  powerful, 
formic  acid  being  obtained.  Formaldehyd  therefore  is  made  by  oxidation 
with  air  in  presence  of  red-hot  copper  or  platinum. 

1.  Preparation  of  formaldehyd,  H .  CHC— Fit  two  small  flasks  with  corks, 
each  carrying  two  tubes,  one  reaching  to  the  bottom  of  the  flask,  the  other 
just  passing  through  the  cork. 

(bnnect  the  short  tube  of  the  first  flask  (which  is  cooled  with  ice)  to  a 
filter-pump  and  the  long  tube  to  a  horizontal  combustion  tube  about- 9  inches 
long  containing  a  spiral  of  copper  or  platinum  wire.  Connect  the  other 
end  of  this  tube  to  the  short  exit  tube  of  the  other  flask  in  which  40  c.cs.  of 
methyl  alcohol  have  been  placed.  Warm  this  flask  in  a  water-bath  to  40**, 
and  by  means  of  the  pump  draw  a  rapid  stream  of  air  through  the  apparatus. 
Heat  the  spiral  till  it  glows  and  then  remove  the  flame.  A  solution  of  formal- 
dehyd in  methyl  alcohol  collects  in  the  receiver. 

Properties, — 1.  A  gas,  B.P.  -21°  C,  with  a  characteristic  choking  smell, 
producing  tears. 

2.  It  is  a  powerful  reducing  agent,  reducing  ammoniacal  silver  oxide 
and  Fehling's  solution. 

(a)  To  a  solution  of  silver  nitrate  (10  %)  add  very  dilute  ammonia  drop- 
wise  till  the  ppt.  first  formed  is  not  quite  redissolved.  To  this  add  some  of 
the  formaldehyd  solution  in  a  perfectly  clean  test-tube.  Warm  gendy  if 
necessary.    The  tube  becomes  covered  with  a  brilliant  silver  mirror. 

(6)  Fehling's  solution  is  prepared  thus : 

Dissolve  17  grms.  of  copper  sulphate  in  250  c.cs.  of  water  in  one  bottle. 
In  another  bottle  dissolve  30  gms.  of  caustic  soda  and  87  gms.  of  Rochelle 
salt  in  250  c.cs.  of  water.  Mix  equal  volumes  of  the  solutions  as  required  for 
use; 

Any  aldehyd  reduces  this  solution  (some  on  boiling  only),  giving  a  red 
ppt.  of  cuprous  oxide. 

2.  Preparation  of  aoetaldehyd  (aldehyd  from  V^  alcohol). — In  a  1^  litre 
round-bottomed  flask  place  a  solution  of  100  gms.  of  sodium  dichromate  in 
400  c.cs.  of  water.  Fit  to  the  flask  a  tap-funnel  and  bent  tube  leading  to  a 
condenser.  The  condenser  is  connected,  by  an  adapter,  to  a  receiver  well 
cooled  in  ice.    Warm  the  contents  of  the  flask,  and  drop  in  slowly  through 
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the  funnel  a  solution  of  80  c.cs.  of  strong  sulphuric  acid  and  150  c.cs.  of 
alcohol.  When  all  has  run  in,  continue  the  distillation  over  a  sand-bath. 
Collect  about  180  c.cs.  of  distillate  (aldehyd,  alcohol,  water). 
Aldehyd-ammonia  is  prepared  from  tins  distillate  as  follows : 
Place  it  in  a  flask  and  connect  to  the  apparatus  shown  in  Fig.  97.  The 
receivers  consist  of  two  flasks  each  containing  50  c.cs.  of  ether.  Water  at 
about  30^  is  circulated  through  the  condenser ;  this  allows  the  aldehyd  to 
pass  over  (B.P.  21°),  but  condenses  most  of  the  alcohol.  The  aldehyd  dissolves 
in  the  ether.  Now  saturate  the  ether  with  ammonia  gas  (dried  with  soda* 
lime).    Pour  the  ether  solution  into  an  evaporating  basin  and  allow  the  ether 


r^^ 


FIO.  97. 

to  evaporate  (no  lights  !).  Filter  oft  the  crystals  of  aldehyd-ammonia,  wash 
with  a  very  little  ether,  and  allow  to  dry. 

Pure  aldehyd  is  obtained  from  these  by  dissolving  them  in  a  little  water, 
adding  to  a  mixture  of  equal  volumes  of  sulphuric  acid  and  water,  and  dis- 
tilling. The  receiver  should  be  cooled  with  ice  and  salt.  The  distillate  is 
dried  with  calcium  chloride  and  again  distilled. 

Properties.— 1,  Liquid ;  colourless.  B.P.  21°  ;  S.G.  '807  at  0°.  Char- 
acteristic smell ;  miscible  with  water,  alcohol,  ether. 

2.  Reduces  anmioniacal  silver  oxide  and  Fehling's  solutions. 

3.  Warmed  with  potash  or  soda  a  brown  "  resin  "  is  obtained. 

4.  It  restores  the  colour  to  Schiff 's  reagent  (a  solution  of  rosaniline  hydro- 
chloride just  decolorised  by  sulphur  dioxide). 
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5.  With  a  saturated  solution  of  sodium  bisulphite  it  gives  a  crystalline 
ppt.  of  aldehyd  sodium  bisulphite.    {Test  for  aldehyds  and  ketones,) 

3.  Preparation  of  a  ketone  from  a  secondary  alcohol.  Acetone  from  2^ 
propyl  alcohol. — This  is  carried  out  similarly  to  the  preparation  of  aldehyd, 
as  far  as  the  first  distillation.  The  distillate  is  fractionated  and  the  fraction 
below  60°  treated  with  fused  calcium  chloride  and  distilled  from  the  latter. 
The  acetone  obtained  may  be  further  purified  by  shaking  with  saturated 
sodium  bisulphite  solution  and  distilling  the  crystalline  product  from  strong 
Sodium  carbonate  solution.  The  product  is  dried  by  calcium  chloride  and 
rectified.    B.P.  56°. 

Note, — ^Acetone  is  more  easily  obtained  by  the  dry  distillation  of  calcium 
acetate,  q,v.  (p.  324). 

4.  Preparation  of  acetio  acid  from  ethyl  alcohol. — To  a  mixture  of  15  gms. 
of  potassium  dichromate,  17  c.cs.  of  strong  sulphuric  acid  and  30  c.cs.  of  water 
in  a  flask  fitted  with  a  reflux,  add  slowly  a  mixture  of  10  c.cs.  of  alcohol 
and  25  c.cs.  of  water. 

Boil  for  20  minutes,  then  distil  till  two-thirds  of  the  liquid  have  gone  over. 
Neutralise  the  distillate  with  soda,  evaporate  dry  and  distil  with  a  little 
strong  sulphuric  acid. 

Properties, — 1.  Colourless  liquid  with  pimgent  smell;  M.P.  17°;  B.P. 
119°  ;  S.G.  1056  at  15°. 

2.  Warmed  with  a  few  drops  of  amyl  alcohol  and  strong  sulphuric  acid, 
amyl  acetate,  smelling  of  "  Jargonelle  pear  drops,  "  is  obtained. 

3.  Neutralised  exactly  and  treated  with  ferric  chloride,  a  red  colour  is 
produced,  ferric  acetate,  which  on  boiling  ppts.  a  brown  basic  salt. 

5.  Preparation  of  chloral  and  chloral  hydrate,  CCI3 .  CHO  and  CCl8CH(0H)2. 
A  150  c.c.  flask  is  fitted  with  a  cork  carrpng  a  tube  leading  to  the  bottom 
of  the  flask,  and  with  a  reflux  condenser.  From  the  upper  end  of  the  condenser 
is  led  a  tube  bent  twice  at  right  angles  and  terminating  with  an  inverted 
funnel.  This  dips  into  a  beaker  of  strong  alkali  and  serves  to  absorb  excess 
of  chlorine.    The  flask  contains  50  c.cs.  of  alcohol. 

Chlorine  is  now  passed  through  the  alcohol,  which  is  cooled  with  ice  at 
first.  The  chlorine  should  be  obtained  from  a  cylinder  if  one  is  available,  as 
large  quantities  are  required  for  this  preparation. 

When  the  absorption  slackens,  gradually  raise  the  temperature  on  a 
water-bath  until  the  boiling-point  is  reached,  then  continue  to  pass  chlorine 
till  no  more  is  absorbed.    Allow  to  cool. 

CaHgOH  +  4a2 = CQj .  CHO  +  5Ha. 
CasCHO  +  CjjHgOH^Caj  .  CHOH  .  OC2H5. 

The  solid  product  is  chloral  alcoholate.  Separate  and  distil  from  concentrated 
sulphuric  acid.  Chloral  passes  over  as  an  oily  liquid.  It  is  freed  from 
hydrochloric  acid,  etc.,  by  shaking  with  chalk  and  redistilling.  B.P.  98°. 
It  shows  the  usual  aldehyd  reactions. 

To  prepare  chloral  hydrate,  add  10  c.cs.  of  water  to  50  c.cs.  of  chloral 
and  shake.    The  mixture  gets  hot  and  solidifies  to  a  crystalline  mass. 

Properties. — 1.  Colourless  crystals.  M.P.  57.  Easily  soluble  in  water; 
pungent  smell. 
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2.  Treated  with  alkali  and  wanned,  chloroform  is  produced.  Hence  it 
gives  the  carbamine  reaction.    (See  under  chloroform.) 

Ca,  .  CHO  +  NaOH=CHa8+H  .  COONa. 

3.  It  gives  the  usual  aldehyd  reactions. 

4.  On  oxidation  it  forms  trichloracetic  acid,  q,v,  (p.  333). 

6.  Redaction  of  aldehsrds,  ketones  and  acids. — ^Aldehyds  can  be  reduced  to 
primary  alcohols,  ketones  to  secondary  alcohols.  Acids  cannot  be  reduced 
directly,  but  the  acid  chloride  is  readily  reduced.  The  following  two  methods 
are  typical. 

(i)  The  acid  chloride  or  the  ketone  is  dissolved  in  double  its  volume  of 
ether  and  poured  into  a  flask  or  beaker  which  contains  some  saturated  potas- 
sium carbonate  solution.  Small  pieces  of  sodium  are  added  from  time  to 
time ;  these  sink  through  the  ethereal  layer  and  float  on  the  potassium  car- 
bonate solution.  When  a  test  portion  of  the  ether  layer  no  longer  shows  the 
reactions  of  ketone  or  acid  chloride,  it  is  separated  and  fractionated. 

From  ketones  an  intermediate  product  of  higher  boiling-point  is  produced. 
These  are  known  as  pinacones. 

R.CO.R'      +2H=^T^^^ 
R.CO.R  R.C.OH.R'. 

The  above  method  may  be  carried  out  with  : 

Acetyl  chloride  for  ethyl  alcohol,  B.P.  78^. 

Acetone  for  2^  propyl  alcohol,  B.P.  83°. 

Methyl  propyl  ketone  for  methyl  propyl  carbinol,  B.P.  118°. 

In  the  last  case  the  main  portion  containing  the  alcohol  distils  at  115°-130°, 
whilst  a  pinacone  comes  over  at  250°-260°  (air  condenser). 

(ii)  Dissolve  6  gms.  of  acetaldehyd  or  10  gms.  of  butyraldehyd  in  250  c.cs. 
of  water.  Then  add  700  gms.  of  1  %  sodium  amalgam  in  portions  of  100  gms. 
Keep  the  solution  just  acid  with  dilute  sulphuric  acid  (methyl  orange). 

Separate  the  mercury  and  distil  the  product.  Again  treat  the  distillate 
with  400  gms.  of  the  amalgam  as  before.  Distil,  dehydrate  the  alcohol  with 
lime.  Yield,  80-90%  of  theory ;  B.P.  n-butyl  alcohol  117-5°.  Lieben  and 
Rossi,  A.  169,  70  and  150  (1871). 
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CHAPTER  IV. 

DERIVATIVES  OF  ALDEHTDS  AND  KETONES. 

1.  Aldehyd-ammonia  has  been  described,  p.  311. 

2.  Hezainetliylene4etramiiie  (hexamine),  (CH2)eN4  (Del^pine,  A.  288, 
218). — This  substance  is  the  ultimate  product  of  the  action  of  ammonia  on 
formaldehyd. 

A  mixture  of  dilute  ammonia  and  formaldehyd  is  evaporated  on  a 
water-bath.  More  of  the  reagents  are  added  as  required.  This  reaction 
is  of  importance  as  giving  a  quick  and  cheap  method  of  preparing 
amines. 

3.  Aldehyd  bisulphite  oompoundB. — The  aldehyd  is  added  to  an  equal  bulk 
of  freshly-made  cold  saturated  solution  of  sodium  bisulphite. 

A  white  crystalline  substance  separates. 
Ketones  react  similarly. 

The  original  aldehyd  or  ketone  is  obtained  by  distillation  with  sodium 
carbonate 

/OH 
CH3CHO  +  NaHSOj  =  CH3CH 

^SOjNa. 

4.  Poljnnerisation  of  aldehyds. — ^Aldehyds,  treated  with  concentrated 
sulphuric  acid,  polymerise  to  bodies  having  three  times  the  molecular  weight 
of  the  aldehyd,  known  as  paraldehyds. 

To  a  few  c.cs.  of  acetaldehyd  add  half  the  volume  of  concentrated  sulphuric 
acid,  a  drop  at  a  time.  The  mixture  becomes  hot.  When  cool,  add  water 
and  separate  the  oil  which  forms.    B.P.  124°. 

If  the  sulphuric  acid  is  added  at  a  temperature  of  0°,  the  product  is 
crystalline,  and  is  known  as  metaldehyd.  The  difference  is  ascribed  to 
stereo-isomerism. 

Note. — These  bodies  do  not  give  the  aldehyd  reactions.  They  are  converted 
into  aldehyd  again  on  distillation  from  a  little  sulphuric  acid. 

Mild  alkalis  polymerise  aldehyds  to  aldols. 

5.  Preparation  of  aldol  (A.  806,  323). — Slowly  add  50  gms.  of  acetaldehyd 
to  50  gms.  of  ice-cold  saturated  potassium  carbonate  solution.  The  tempera- 
ture must  not  Ije  allowed  to  rise.  Stir  well  after  each  addition,  and  when  all 
is  added  treat  with  solid  potassium  carbonate  till  the  liquid  separates  into 
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two  layers.  Stand  for  several  hours  in  ice,  then  extract  with  ether.  Shake 
the  extract  with 

(1)  Dilute  hydrochloric  acid. 

(2)  Two  small  quantities  of  water. 

Finally  filter  through  a  dry  filter  and  dry  over  freshly-fused  sodium 
sulphate.  Distil  oS  the  ether,  and  distil  the  residue  under  reduced  pressure. 
B.P.  79°  at  15  mm. 

Aldol  gives  the  usual  aldehyd  reactions.    It  is  therefore  regarded  as 

CHaCHOH  .  CH, .  CH  :  0. 

Ketones  condense  more  readily  than  they  polymerise.  The  condensation 
most  easily  carried  out  is  that  which  results  in  S3rmmetrical  tri-substituted 
benzenes,  and  is  important  as  giving  a  means  of  passing  from  fatty  to  aromatic 
bodies. 

6.  Preparation  of  mesitylene  from  acetone. — To  25  c.cs.  of  water  add 
50  c.cs.  of  concentrated  sulphuric  acid  and  cool.  Then  add  this  slowly,  with 
cooling,  to  50  c.cs.  of  acetone.  Distil  up  to  170°,  returning  any  distillate 
boiling  under  100°  to  the  flask.  Fractionate  the  product  after  dijing  over 
calcium  chloride.    B.P.  of  mesitylene  I63°. 

3(CH3),CO  =  CeHaCCHa),  +  3H,0. 

7.  Preparation  of  ozimes. — These  are  condensation  products  between 
hydroxylamine  and  aldehyds  (aldoximes),  or  ketones  (ketoximes).  They  are 
of  importance  in  isolating  and  identifying  aldehyds  and  ketones. 

The  actujil  preparation  varies  with  the  aldehyd  or  ketone,  aldoximes  being 
more  easily  obtained. 

(i)  Preparation  of  an  aldozime. — If  the  aldehyd  is  soluble  in  water,  to 
1  molecule  of  aldehyd  in  aqueous  solution  add  1  molecule  of  hydroxylamine 
hydrochloride  and  1^  molecules  of  sodium  carbonate,  dissolved  in  cold  water. 
The  oxime  is  obtained  by  extraction  with  ether  and  allowing  to  evaporate. 

If  the  aldehyd  is  insoluble  in  water  it  is  dissolved  in  alcohol  and  treated 
with  the  calculated  amount  of  hydroxylamine  hydrochloride  and  just  sufiicient 
caustic  soda  to  liberate  the  base.  Heat  for  1-2  hours  on  the  water-bath 
(reflux). 

(ii)  Preparation  of  acetoxime. 

(CH8),C0  +  HaN0H  =  (CH3)aC  =  NOH  +  H,0. 

In  a  small  flask  place  6  gms.  of  caustic  soda  in  25  c.cs.  of  water  and  add 
12  gms.  of  hydroxylamine  hydrochloride  and  12  gms.  of  acetone.  Shake, 
cool,  cork  and  stand  for  24  hours.  Some  of  the  oxime  separates.  When 
no  bee  hydroxylamine  is  left  (test  with  Fehling's  solution)  and  no  excess  of 
caustic  soda  remains,  extract  twice  by  shaking  with  equal  volumes  of  ether. 
Distil  ofl  half  the  ether  on  a  water-bath  and  let  the  rest  evaporate. 
Recrystallise  the  product.    Preserve  in  a  sealed  bottle. 

Properties, — 1.  Needle-like,  colourless  crystals.    M.P.  60°-61°. 

2.  Boiled  with  dilute  hydrochloric  acid,  they  are  hydrolysed  into  their 
constituents.  The  liberated  hydroxylamine  may  be  tested  for  with  Fehling's 
solution. 
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8.  Pr^iMtfation  of  hydraaones. — ^Aldehyds  and  ketones  react  with  phenyl 
hydrazine  in  acetic  acid  solution,  giving  crystalline  bodies  called  hydrazones. 

CH3.CHp  +  H^.NH.CeH5  =  CH3.CH:N.NH.CeH5  +  H,0. 

The  preparation  is  carried  out  by  adding  to  the  aldehyd  or  ketone  the  cal- 
culated amount  of  the  reagent  dissolved  in  a  mixture  of  2  parts  50  %  acetic 
acid  and  3  parts  of  water.  If  the  hydrochloride  of  the  base  is  used,  dissolve 
it  in  10  parts  of  water  with  2  parts  of  sodium  acetate  crystals. 

The  hydrazone  crystallises  on  standing ;  it  is  then  washed  with  dilute 
acetic  acid  and  dried  on  a  porous  plate. 

Bamberger  recommends  the  use  of  ^nitro-phenyl-hydrazine  hydro- 
chloride which  gives  more  insoluble  derivatives. 

9.  Preparation  of  osazones. — In  the  case  of  the  sugars  (which  are  aldehyds 
or  ketones)  the  use  of  phenyl-hydrazine  is  very  important.  Double  hydra- 
zones,  called  osazones,  result,  and  they  are  of  great  use  in  identif3dng  par- 
ticular sugars  owing  to  their  widely  different  melting-points  and  character- 
istic appearances  under  the  microscope.    The  equations  are  as  follows  : 


and  then 


CHOH  +  HaN.NHCeHg       C  =  0 

I  -I 

CHO    H-HaN.NHCeHj        CHiN.NHCeHg 


+  NH3  +  CeH5NH,. 


CtO  +  HjN.NHCeHj  CiN.NHCeHj, 


I 


I 


CHrN.NHCeHg  CHrN.NHCeH^. 

Phenyl  gluoosaione.  (Typical  of  all  these  preparations). — 15  gms.  of 
glucose  are  dissolved  in  water  and  treated  with  30  gms.  of  phenyl  hydrazine 
in  30  CCS.  of  50  %  acetic  acid  and  250  c.cs.  of  water  (or  30  gms.  of  the  hydro- 
chloride with  45  gms.  of  sodium  acetate  if  the  free  base  is  not  available). 
Heat  on  a  water-bath  for  about  1^  hours.  Recrystallise  the  product  from 
alcohol  and  water,  or  alcohol,  pyridine  and  water.    M.P.  205^. 

10.  Preparation  of  a  semicarbazone. 

I^C-O+HjN.NH.CO.NH,-     y>C  =  N.NH.CO.NH3+H30.' 

Aldehyds  and  ketones  condense  as  above  with  semicarbazide,  giving  a 
tjrpical  reaction. 

One  gm.  of  semicarbazide  hydrochloride  is  dissolved  in  a  little  water  and 
mixed  with  the  calculated  quantity  of  sodium  acetate.  2  c.cs.  of  acetone 
(etc.)  are  added  (if  ketones  insoluble  in  water  are  used  they  are  dissolved  in 
alcohol,  and  alcohol  added  to  clear  the  reaction  mixture),  and  well  shaken. 
The  progress  of  the  reaction  varies  considerably  with  different  ketones,  etc., 
taking  from  several  minutes  to  days. 

The  ppt.  is  filtered  on  the  pump  and  washed  with  very  dilute  acetic  acid. 
Dry  on  a  porous  plate.    RecrystalUse  from  alcohol  if  required. 
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M.P.  of  acetone  semicarbazone,  -        -        -    187**  (decomp.). 
„    „  benzaldehyd  semicarbazoue  -        -    214®        „ 
9,    ,y  aceto-acetic  ester  semicarbazone,   -    129°        ,, 

11.  Preparation  of  Aoetab. — These  are  condensation  products  of  aldeliyds 
with  alcohol. 

CH3 .  CHO  +  2CJB[50H = CHj .  CHCOC^Hg),  +  H^O. 

One  part  of  acetaldehyd  is  mixed  with  4  parts  of  alcohol  containing  1  %  of 
hydrochloric  acid  (gas).  Heat  is  developed.  After  standing  overnight  at 
the  room  temperature  the  solution  is  mixed  with  an  equal  volume  of  water 
in  which  chalk  is  suspended.  The  resulting  oil  is  extracted  with  ether,  and 
the  ethereal  solution  twice  washed  with  water.  Dry  over  lime  and  fractionate. 
Yield,  50  %  of  theory. 

PropeHies.—l.  A  colourless  liquid.    B.P.  103*'. 

2.  Distilled  with  dilute  acid,  it  is  hydroljrsed  to  its  constituents  (aldehyd 
and  alcohol). 

12.  Synthesis  of  nnsatnraied  adds  from  aldehyds.— See  Perkin's  reaction, 
p.  387. 
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CHAPTER  V. 

DEBI7ATIVB8  OF  THE  FATTY  ACIDS.    E8TEBIFICATI0N* 

1.  Preparatioii  of  an  acid  chloride.    Acetyl  chloride. 

SCHs .  COOH  +  PQa  =  P(0H)3  +  3CH3CO  .  CI. 

Fit  a  250  c.c.  distilling  flask,  containing  50  gms.  of  pure  glacial  acetic  acid, 
with  a  cork  carr3ring  a  tap-funnel.  Attach  a  Liebig  condenser  and  place 
the  flask  on  a  water-bath.  The  other  end  of  the  condenser  is  fitted  to  another 
distilling  flask  with  a  cork.  This  flask  acts  as  the  receiver,  and  the  side-tube 
is  fitted  with  a  guard  tube  of  calcium  chloride  to  keep  out  all  moisture.  The 
water-bath  contains  cold  water.  Slowly  run  42  gms.  of  phosphorus  trichloride 
into  the  acetic  acid,  keeping  the  mixture  well  cooled.  Wben  all  has  been 
added  raise  the  temperature  to  50°  till  the  evolution  of  hydrochloric  acid  gas 
slackens.  Then  boil  the  water  and  continue  till  nothing  more  distils.  Re- 
distil the  product  from  the  flask  which  acted  as  receiver,  using  a  similar 
arrangement  and  a  thermometer.  Collect  the  portion  distilling  between 
53°  and  56°.    Yield,  about  40  gms. 

Properties,— \.  Colourless  liquid.  B.P.  55°;  S.G.  M06  at  18°.  Fumes 
in  air. 

2.  Reacts  with  bodies  containing  hydroxyl  or  -  NH,.  Add  a  few  drops 
to  a  little  water  in  a  test-tube.  It  sinks  and  slowly  dissolves  with  evolution 
of  heat  and  hydrochloric  acid.    Acetic  acid  is  left. 

3.  Treated  with  alcohols  or  alcoholates,  esters  are  formed.  To  a  little 
in  a  test-tube  add  an  equal  volume  of  alcohol.  Then  add  some  brine.  A 
layer  of  ethyl  acetate  separates. 

4.  With  aniline  it  produces  white  solid  acetanilide. 

2.  Preparation  of  an  acid  anhydride.    Acetic  anhydride. 

CH3 .  CO .  ONa  +  CH3 .  CO .  CI  =  Naa  +  (CH3 .  CO)aO. 

Heat  about  40  gms.  of  crystalline  sodium  acetate  in  a  clean  tin  dish  (sand-tray) 
till  water  of  crystallisation  has  all  be^n  driven  off.  Just  melt  the  anhydrous 
salt  and  allow  it  to  cool.  Powder  it  finely  and  place  20  gms.  in  a  distilling 
flask  fitted  with  tap-funnel  and  receiver  exactly  as  in  the  last  experiment. 
From  the  funnel  add  slowly  16  gms.  of  acetyl  chloride.  When  added  heat 
carefully,  using  a  wire  gauze  and  a  small  flame  which  is  moved  about.  Distil 
over  all  that  will  come,  and  'redistil  with  a  thermometer  and  similar  con- 
densing arrangement.  Collect  the  fraction  between  130°  and  140°.  Yield, 
about  16  gms. 
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An  alternative  preparation  is  to  treat  6  molecules  of  sodium  acetate  with 
1  molecule  of  POClj.    Redistil  from  a  little  sodium  acetate. 

Properties, — 1.  Colourless  liquid  with  pungent  odour.  B.P.  138° ;  S.6. 
1-08  at  15^ 

2.  It  gives  similar  tests  with  water  and  alcohol  to  those  of  acetyl  chloride, 
except  that  no  hydrochloric  acid  is  produced. 

Note, — By  using  the  salt  of  one  acid  and  the  chloride  of  another  in  the  above 
preparation  (taking  calculated  quantities),  mioced  anhydrides  are  produced. 

3.  Esterifloation  of  organio  adds. 

Preparatkm  of  acetic  ester. — (i)  The  esterification  of  organic  acids  is 
carried  out  directly  by  treating  the  alcohol  with  the  required  acid,  but  the 
action  is  reversible. 

CH, .  CO .  0H  +  C^5 .  0H:;itCH8 .  CO .  OCA +  H2O. 
To  make  the  action  go  to  the  right  as  far  as  possible  we  may 
(a)  Use  a  dehydrating  agent. 

(6)  Use  an  excess  of  alcohol.  Y^^^  ''JT  7*"^  °^f^f  *?  f^'^7 
le{  Use  an  excess  of  acid  (  *''®  ""^^  °*  *"  ^^^  **'  alcohol,  as  m 
^  '  j     research  work.) 

(a)  Use  of  a  dehydrating  agent. — (i)  Fit  a  500  c.c.  flask  with  a  tap-funnel  and 
a  thermometer  (which  will  be  immersed  in  the  liquid  in  the  flask),  and  attach 
to  a  condenser  and  receiver.  Into  the  flask  run  a  mixture  of  50  c.cs.  of  alcohol 
and  40  c.cs.  of  concentrated  sulphuric  acid.  Warm  gradually  on  a  sand-bath 
to  140**,  and  add,  through  the  tap-funnel,  a  mixture  of  100  c.cs.  of  alcohol 
and  100  c.cs.  of  glacial  acetic  acid  at  the  same  rate  as  the  liquid  distib.  The 
distillate  will  contain,  besides  the  ester,  some  ether,  acetic  acid,  alcohol, 
water  and  sulphur  dioxide.  Pour  into  a  basin  and  add  sodium  carbonate 
till  the  acid  is  neutralised.  Remove  the  upper  layer  and  add  to  it  in  a  separ- 
ating funnel  a  solution  of  75  gms.  of  calcium  chloride  in  75  c.cs.  of  water. 
Shake  well ;  this  removes  the  alcohol.  Separate  the  bottom  layer  of  calcium 
chloride,  and  stand  the  upper  layer  over  solid  calcium  chloride  overnight. 
Distil  on  a  water-bath  and  collect  the  fraction  between  75°-80*^.  Yield, 
75-80  gms. 

Properties. — 1.  Colourless  liquid;  pleasant  smell  (pear-drops).  B.P. 
77° ;  S.G.  *907  at  15° ;  somewhat  soluble  in  water ;  miscible  with  organic 
solvents. 

2.  Boiled  under  a  reflux  with  alkali,  the  acetate  of  the  metal  and  ethyl 
alcohol  are  formed.  Esters  are  estimated  in  this  manner,  using  a  known 
volume  of  standard  alkali  and  titrating  the  excess. 

(ii)  A  more  general  dehydrating  agent  is  hydrochloric  acid  gas.  Its 
exact  method  of  action  is  uncertain,  but  it  is  frequently  used  where  sulphuric 
acid  chars  the  alcohol  or  acid. 

(a)  The  method  employed  is  to  mix  the  required  quantities  of  acid  and 
alcohol  (both  anhydrous)  in  the  distilling  flask,  and  pass  in  dry  hydrochloric 
acid  gas  to  saturation.  The  liquid  is  then  boiled  for  some  time  (reflux)  and 
distilled.    Wash  and  purify  as  before. 

(6)  In  case  the  whole  of  the  acid  is  required  as  ester,  excess  of  alcohol 
may  be  dropped  or  distilled  into  the  boiling  mixture  whilst  the  distilla- 
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tion  ia  going  on,  hydrochloric  acid  gas  being  passed  through  at  the  same 
time. 

Prepare  ethyl  oxalate  (use  anhydrous  oicalic  acid)  by  method  ii.  (6),  and 
amyl  benzoate  by  method  ii.  (a). 

The  oxalate  is  fractionated  to  separate  from  water,  alcohol,  etc.    B.P. 

isr. 

The  benzoate  is  simply  poured  into  water  {not  distilled)  after  boiling  under 
the  reflux,  washed  with  sodium  carbonate,  dried  and  distilled.  B.P.  256^. 
Use  an  air  condenser. 

(c)  Fischer  and  Speier  reconmiend  passing  hydrochloric  acid  gas  into 
the  alcohol  and  acid  till  the  absorption  is  about  7%.  Then  boil  with  a 
reflux  for  an  hour.  Purify  according  to  the  properties  of  the  ester.  (Make 
amyl  benzoate  thus :) 

(iii)  The  acid  chloride  is  treated  with  the  anhydrous  alcohol  or  with  sodium 
alcoholate,  using  calculated  quantities.  This  reaction  is  quantitative.  Filter 
from  the  ppt.  of  sodium  chloride  and  fractionate. 

Note. — The  carbonic  esters  are  prepared  by  this  method. 

(iv)  By  treating  ike  silver  sdU  oj  the  add  with  the  dkyl  iodide, — The  silver 
salt  is  prepared  by  exactly  neutralising  the  acid  with  ammonia,  and  adding 
a  slight  excess  of  silver  nitrate  solution.  Filter  off  the  ppt.  at  the  pump, 
wash  with  several  small  amounts  of  ice-cold  water  and  d^  in  the  dark  in 
a  steam-oven  or  desiccator. 

The  required  amounts  of  the  dried  salt  and  the  alkyl  iodide  are  boiled  in 
a  small  flask  with  a  reflux  for  about  an  hour ;  it  is  advantageous  to  employ 
a  small  excess  of  the  iodide. 

The  liquid  is  filtered  from  the  silver  iodide  and  the  ester  purified  accordin 
to  its  properties. 

If  methyl  esters  are  required,  Werner  and  Seybold  recommend  the  action 
of  methyl  sulphate  on  the  sodium  salt  of  the  acid  in  water  solution,  at  a 
temperature  of  30''-40''. 

Note. — Methyl  svlphate  vapour  is  highly  poisonous  and  must  not  be  inhaled. 

(v)  Preparation  of  add  esters. — These  can  be  universally  prepared  by  the 
action  of  the  acid  anhydride  on  the  caioulated  quantity  of  sodium  ethylate. 
The  sodium  salt  b  thus  obtained ;  this  on  treatment  with  acid  and  extraction 
with  ether  gives  the  required  ester. 

Note. — If  the  acid  anhydride  is  a  solid  the  alcohol  may  be  used  instead 
of  sodium  ethylate.  Normally,  excess  of  alcohol  is  employed,  and  the  reagents 
are  boiled  for  half  an  hour  under  a  reflux. 

As  an  example  try  a  succinate  or  phthalate. 

4.  Preparation  of  an  acid  amide. 

(i)  Acetamide,  CHj .  CO .  NHj. — To  60  gms.  of  glacial  acetic  acid  in  a 
300  CCS.  distilling  flask  add  soUd  ammonium  carbonate  till  the  mixture  is 
alkaline.  Attach  an  air-condenser  and  fit  the  flask  with  a  thermometer. 
Distil  carefully,  collecting  separately  the  distillate  above  160^.  This  is 
melted  and  redistilled,  collecting  above  180®.  Fractionate  this  portion  a^in, 
drain  the  solid  coming  over  above  200°  and  crystallise  from  ether.    B.P.  T 

CHa .  CO  .  0NH4=H,0 +CH3  .  CO  .  NH,. 
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Far  better  yields  are  obtained  by  one  ofthefoUomng  modifications  : 

(a)  Heat  the  ammonium  acetate  in  a  sealed  tube  for  5  hours  at  200°,  as  in 
the  Carius  method  of  determining  halogens  (see  p.  417).  The  contents  of  the 
tube  are  then  distilled  as  above. 

(b)  Heat  equal  weights  of  ammonium  acetate  and  glacial  acetic  acid  under 
a  reflux  for  4-5  hotirs.  Distil  and  treat  the  distillate  as  before.  (Hofmann, 
B.  1882, 16,  979.) 

Properties, — 1.  White  crystalline  solid,  soluble  in  water  and  alcohol. 
M.P.  82** ;  B.P.  222®.  UsuaUy  smells  like  mice  excrement,  but  not  when  quite 
pure. 

2.  On  boiling  with  water  (or  dilute  acids  or  alkalis)  it  is  hydrolysed  to 
ammonium  acetate. 

3.  Boiled  with  alkali,  ammonia  is  evolved,  but  not  when  groimd  with 
quick-lime  (distinction  from  ammonium  salts). 

4.  Treated  with  sodium  nitrite  and  dilute  acid,  nitrogen  is  evolved. 

CH,  .  CO  .  NH,  +  0  :  N  .  0H  =  CH3  .  CO  .  OH  +  Na  +  HjO. 

5.  With  bromine  and  alkali  (hypo-bromite)  a  primary  amine  is  formed  on 
warming.    (See  preparation  of  methylamine.)  , 

(ii)  A  general  method  for  preparing  amides  consists  in  treating  the  acid 
chloride  with  concentrated  ammonia.  It  is  most  suitable  when  the  amide 
is  insoluble,  but  any^amide  can  be  made  thus. 

The  acid  chloride  is  added  dropwise  to  some  excess  of  '880  ammonia, 
filtered,  washed  and  dried  in  the  usual  way. 

CeHg  .  COCl  +  NH3=CeH5 .  CO .  NH,  +  Ha 

(iii)  Another  general  method  is  to  treat  the  ester  with  excess  of  '880 
ammonia. 

(a)  Preparation  of  ozamide. — To  a  little  oxalic  ester  add  excess  of  '880 
ammonia.    Set  aside  for  an  hour.    Filter,  wash  and  dry  in  the  usual  way. 

(CO .  OCjH^),  +  2NH8  =  (CO .  NHa)^  +  2GJ3.fill, 

(6)  Preparation  of  ozamethane. — Into  50  c.cs.  of  absolute  alcohol  pass  dry 
anamonia  gas  for  10  minutes.  Weigh  the  flask  before  and  after  to  And  the 
weight  of  ammonia  taken.  Calculate  the  weight  of  oxalic  ester  required. 
Cool  both  liquids  on  ice,  and  slowly  add  the  ammonia  to  the  ester.  Filter 
from  any  oxamide  and  set  aside  to  crystallise. 

(CO .  OC2Hb)2  +  NHj  =  CO .  OC2H5 

+  C2H6OH. 
CO.NHj 

Properties. 

Oxamide, — Snow-white  micro-crystalline  body,  decomposing  when  heated. 
Almost  insoluble  in  water  and  alcohol.  Boiled  with  alkalis  it  is  hydrolysed 
to  oxalic  acid  and  ammonia. 

Oxameihane, — ^White  prisms,  soluble  in  alcohol.  Boiled  with  alkalis  it  y^ 
hydrolysed  to  oxalic  acid,  ammonia  and  alcohol. 
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5.  Preparation  of  a  nitrOe  from  an  amide, — Acetonitrilefrom  acelamide. 

CHa .  CO  .  NHj-HgO^CHa .  CN. 

Into  a  small  dry  retort  place  as  quickly  as  possible,  by  means  of  a  paper- 
funnel  and  a  glass-rod,  20  gms.  of  phosphoric  anhydride.  Introduce  also  about 
10  gms.  of  dry  powdered  acetamide  and  shake  well  together.  Distil,  using 
a  large  luminous  flame  moved  constantly  about.  Shake  the  distillate  with 
a  little  water  and  add  solid  pptassium  carbonate  till  no  more  will  dissolve. 
The  nitrile  floats  to  the  top  and  is  separated  and  redistilled  from  more 
phosphoric  anhydride.    Collect  the  fraction  from  80°-83°. 

Properties,— I.  Liquid  ;  pleasant  odour  ;  B.P.  82^  ;  S.G.  0-79.  Some- 
what soluble  in  water,  but  readily  "  salted  out." 

.  2.  Boiled  with  potash  (reflux)  or  digested  and  warmed  with  50  %  sulphuric 
acid,  it  is  hydrolysed  to  acetic  acid  and  ammonia,  via  the  amide.  By  standing 
overnight  with  cold  concentrated  hydrochloric  acid  the  amide  is  formed,  and 
can  be  extracted  with  ether. 

3.  Dissolved  in  alcohol  and  reduced  with  sodium  or  sodium  amalgam,  a 
V^  amine  is  produced,  which  gives  the  carbamine  reaction.  (See  under 
Chloroform.) 
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CHAPTER  VI. 

PBEPARATI0N8  FROM  SALTS  OF  THE  FATTT  ACIDS. 

1 .  Preparation  of  the  acid. — The  lower  adds  (except  formic)  may  be  obtained 
by  distilling  the  sodium  salts  with  strong  sulphuric  acid.  The  anhydrous 
acid  distils. 

If  the  calcium  salt  is  supplied,  distil  with  dilute  sulphuric  acid,  make  the 
sodium  salt  from  the  distillate  and  treat  as  above. 

Formic  acid  may  be  made  by  filling  the  inner  tube  of  a  Liebig  condenser 
with  lead  formate,  held  in  place  by  glass-wool  plugs.  Fit  this  to-  a  flask  in 
the  manner  of  a  reflux  condenser.  The  cork  also  carries  an  exit  tube.  Im- 
merse the  flask  in  cold  water,  pass  steam  through  the  outer  jacket  of  the 
condenser  and  pass  a  current  of  hydrogen  sulphide  over  the  lead  formate 
from  top  to  bottom.    Filter  if  necessary. 

The  higher  acids  are  for  the  most  part  insoluble  in  water ;  they  are  made 
by  adding  the  salt  to  hydrochloric  acid  and  Altering  or  separating. 

2.  Preparation  of  a  hydrocarbon. — Heated  with  soda-lime,  the  sodium 
salts  of  most  fatty  acids  are  decomposed  into  sodium  carbonate,  and  a  parafiin 
with  one  C  atom  less  than  the  acid.  The  method,  however,  is  used  only  for 
methane. 

Preparation  of  methane,  CH4. — Heat  an  intimate  mixture  of  2  parts  of  soda- 
lime  and  1  part  of  anhydrous  sodium  acetate  in  a  small  flask  connected  to  a 
pneumatic  trough.  Collect  the  gas  in  the  usual  way  and  examine  its  pro- 
perties. 

CHjCOONa  +  NaOH  =  NajCO,  +  CH4. 

Properties, — 1.  Gas,  colourless,  odourless  when  pure  ;  B.P.  -164°. 

2.  Burns  with  a  non-luminous  flame,  though  as  above  prepared  it  contains 
other  hydrocarbons  which  burn  with  a  luminous  flame.  These  may  be 
removed  by  fuming  sulphuric  acid. 

3.  It  reacts  with  bromine  vapour,  producing  fumes  of  hydrobromic  acid. 

4.  It  does  not  decolorise  Baeyer's  reagent  (alkaline  permanganate). 

3.  Preparation  of  an  aldehyd  from  the  correeponding  calcium  salt  and  a 
formate. 


CH^.iCO.OCJaO.OCiCH 


^3- 


3 


+  -  2CaC08  +  2CH3 .  CH :  0. 

CH.OOCaOibc.H 

Molecular  quantities  as  indicated  by  the  equation  are  intimately  mixed 
(success  depends  upon  this)  and  dry  distilled  with  a  luminous  flame  from  a 
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dask  conDected  to  a  condenser  and  receiver  as  for  the  preparation  of  aldehyd, 
^.t;.  The  receiver  contains  ether,  which  is  afterwards  treated  with  ammonia, 
as  in  Chapter  III. 

4.  Preparation  of  ketones  from  calcinm  (barinm,  etc.)  salts. 

CH3 .  j  CO :  OCaO  7  j  OC .  CHa  -  CaCO,  +  (CH3),C0. 

This  method  is  usually  adopted  only  for  acetone.  Heat  slowly  a  quantity 
of  anhydrous  calcium  acetate  in  a  hard  glass  flask  connected  to  a  condenser 
and  well-cooled  receiver.  The  heating  is  done  by  a  luminous  flame  kept  in 
motion.  The  distillate  is  shaken  with  water,  filtered  to  remove  tarry  matter 
(if  necessary)  and  distilled.  The  portion  of  distillate  up  to  76°  is  treated  with 
calcium  chloride  (fused)  overnight  and  re-distilled.  Collect  between  56° 
and  60°. 

Noie» — If  no  tarry  matter  be  present,  fractionate  the  original  distillate  at 
once. 

Pfoperttw.— 1.  Liquid;  B.P.  56°;  S.G.  -797  at  16°.  Miscible  with  water, 
alcohol  and  ether. 

2.  Like  alcohol  it  gives  the  iodoform  test. 

3.  It  can  be  distinguished  from  alcohol  by  Reynold's  mercuric  oxide  test. 
Add  excess  of  potash  to  a  solution  of  mercuric  chloride.  Add  the  acetone. 
A  soluble  mercury  compound  is  formed,  and  hence  on  filtering  mercury  will 
be  found  in  the  filtrate.    (Hydrogen  sulphide  test.) 

4.  It  does  not  reduce  Fehling's  solution  nor  give  the  silver-mirror  test, 
nor  does  it  give  Schiff's  reaction.    (Difference  from  aldehyd.) 

5.  Like  aldehyd  it  gives  a  crystalline  ppt.  with  saturated  bisulphite 
solution. 
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CHAPTER  VII. 

H7DB0LTSIS  OB  SAPONinCATION. 

Hydbolysis  is  the  process  whereby  a  body  is  split  into  two  or  more  com- 
pounds with  simultaneous  fixation  of  water,  which  acts  as  H  and  OH.  It 
is  usually  carried  out  by  boiling  with  acid  or  alkali.  A  case  already  given  is 
the  preparation  of  alcohob  from  halogen  derivatives.  The  saponification 
of  a  fat  has  also  been  given  in  Chapter  II. 

1.  Hydrolysis  of  ethyl  acetate.— Put  25  gms.  of  ethyl  acetate  into  a  250  c.c. 
flask  fitted  with  a  reflux,  and  add  20  gms.  of  potash  or  15  gms.  of  caustic  soda 
in  50  CCS.  of  water.  Boil  gently  for  }  hr.  (or  until  the  ester  has  gone  into 
solution).    Distil  with  a  thermometer  till  the  temperature  reaches  100®. 

Treatment  of  distillate. — ^Add  solid  potassium  carbonate  till  no  more  dis- 
solves. Separate  the  top  layer  of  "  salted  out "  alcohol,  dry  and  distil  over 
quick-lime. 

Treatment  of  residue, — Just  neutralise  with  dilute  sulphuric  acid  and 
evaporate  dry.  Powder  the  product  and  distil  with  strong  sulphuric  acid. 
Anhydrous  acetic  acid  distils  at  118®. 

Similarly  any  ester  can  be  hydrolysed,  and  the  alcohol  and  alkali  salt 
of  the  acid  obtained,  even  if  the  latter  be  inorganic.  The  actual  separation 
of  the  acid  will,  of  course,  vary  with  the  nature  of  the  acid. 

Note  that  ethyl  i^o-cyanate  yields  ethylamine. 

CAN:C:0 

+  =COj+CjH5NH2, 

HjO 

which  should  be  absorbed  in  hydrochloric  acid. 

2.  Hydxolyils  of  nitriles. — ^All  nitriles  can  be  hydrolysed  to  the  correspond- 
ing acids  by  boiling  with  acids  or  alkalis. 

R .  CN  +  HjO-^R .  CO .  NHj  +  H^O-^R .  CO .  ONH4. 

The  intermediate  amide  can  be  obtained  by  carrying  out  the  hydrolysis  with 
cold  concentrated  hydrochloric  acid,  with  which  the  nitrile  is  allowed  to 
stand  till  it  has  gone  into  solution.  The  amide  can  then  be  ether-extracted. 
It  is  not,  however,  a  convenient  preparation  of  amides. 

(a)  Hydrolysis  of  methyl  cyanide  (aceto-nitrtle), — Boil  10  gms.  of  the  nitrile 
with  40  gms.  of  50  %  sulphuric  acid  for  an  hour,  im'der  a  reflux  con- 
denser, then  distil.  Aqueous  acetic  add  comes  over.  Purify  as  already 
described. 
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If  the  ester  is  required  it  may  be  obtained  directly  from  the  nitrile  by 
dissolving  in  alcohol  and  saturating  with  hydrochloric  acid  gas.  {See  mdlonic 
ester.) 

{b)  Hydrolysis  of  succino-nitrUe. — This  is  the  last  stage  in  the  synthesis 
of  succinic  acid.     (See  p.  308  for  nitrile.) 

Dissolve  20  gms.  of  the  nitrile  in  an  equal  weight  of  alcohol.  Add  20  gms. 
of  potash  dissolved  in  20  c.cs.  of  water.  Boil  (reflux)  as  long  as  ammonia 
is  evolved.  Cool,  render  acid  with  hydrochloric  acid,  filter  and  evaporate 
dry  (water-bath).  Grind  up  the  product  and  boil  well  (under  a  reflux)  with 
alcohol.  Filter  from  the  insoluble  potassium  chloride,  evaporate  the  filtrate 
and  recrystallise  from  water. 

Properties  of  succinic  acid, — 1.  Colourless  crystals.  M.P.  180°,  B.P.  235°, 
when  water  is  given  off  and  the  anhydride  formed. 

2.  Ferric  chloride  added  to  the  neutral  solution  gives  a  brown  ppt.  of  basic 
ferric  succinate  (used  to  separate  iron  from  manganese). 

3.  Hydrolysis  o!  glucosides. — These  are  naturally  occurring  condensation 
products  of  glucose  with  various  organic  bodies. 

The  hydrolysis  is  effected  by  boiling  the  glucoside  with  10%  caustic 
alkali  or  mineral  acid  under  a  reflux.  The  products  may  be  separated  and 
identified  according  to  their  nature  (e.g.  distillation  in  steam,  precipitation, 
etc.). 

The  best-known  glucosides  are  as  follows  : 

AmygdaUn,  O^^^i^On.  M.P.  200°.  Occurs  in  bitter  almonds.  Hydroly- 
sis products. — Glucose,  benzaldehyde,  hydrocyanic  acid.  (Liebig  and  Wohler, 
Ann.  Chim.  Phys.,  64,  185.) 

Salicin,  CuHijOy.  M.P.  196°.  Soluble  in  hot  water.  Cone.  H^04 
gives  a  blood-red  colouration. 

Hydrolysis  products. — Glucose, o-hydroxy-benzyl  alcohol  (salicylic  alcohol). 
This  alcohol  in  neutral  solution  gives  a  deep  blue  coloration  with  ferric 
chloride. 

Note. — If  cone.  KOH  is  used  for  the  hydrolysis,  a  salt  of  salicylic  acid 
is  produced.     (See  p.  385.) 

Indican  (not  to  be  confused  with  urinary  indican  (pp.  299,  395) ).  This 
occurs  in  wood  and  in  the  indigo  plant. 

Hydrolysis  products. — Glucose,  indigo.    (See  p.  394.) 

Arbutin,  CjJELuO^.    M.P.  157°. 

Hydrolysis  products. — Glucose,  hydroquinone. 

Ferric  chloride  gives  a  blue  colouration  to  the  solution  in  water. 

See  also  Fischer  {B.  28,  1151)  for  the  preparation  of  a-methyl  glucoside. 
M.  P.  165°.    /8-methyl  glucoside.     M.P.  107°. 

Hydrolysis  products. — Glucose,  methyl  alcohol. 
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CHAPTER  VIII. 

AMINES. 

1.  Preparation  of  a  primary  amine  from  an  amide.  (Hofmann,  B.  14, 
2725 ;  15, 451, 762.) — This  is  a  general  reaction  and  useful  theoretically,  as  it 
affords  a  method  of  eliminating  a  carbon  atom  and  so  of  descending  an  homo- 
logous series. 

(1)  CHjCONHa  +  Brj^CHaCONHBr  +  HBr. 

(2)  CHaCONHBr  -  HBr  =  CHaN  :  C  :  0     (not  isolated). 

(3)  CHjN  :  C  :  0  +  HjjO  =  CH3NH,  +  CO,. 

To  15  gms.  of  acetamide  add  slowly  40  gms.  (13*5  c.cs.)  of  bromine,  followed 
^y  1^%  caustic  soda  solution,  until  the  colour  changes  to  a  pale  yellow. 
The  flask  is  cooled  under  the  tap  during  this  operation. 

Fit  a  distilling  flask  with  tap-funnel  and  condenser,  with  adapter  fixed  to 
receiver.  Run  75  c.cs.  of  50%  caustic  soda  into  the  flask,  warm  to  65^, 
and  slowly  run  in  the  above  mixture  without  allowing  the  temperature  to  rise. 
The  yellow  colour  disappears.  Replace  the  tap-funnel  by  a  tube  leading 
from  a  steam  boiler  and  distil  in  a  rapid  current  of  steam,  absorbing  the 
distillate  in  100  c.cs.  of  dilute  (1  :  4)  hydrochloric  acid  which  has  been  placed 
in  the  receiver.  The  adapter,  which  must  be  fitted  to  the  receiver  with  a 
cork,  should  only  just  touch  the  surface  of  the  acid  in  the  receiver.  Continue 
the  distillation  tiU  the  distillate  is  no  longer  alkaline.  Evaporate  the  acid 
solution  dry,  finally  on  a  water-bath.  A  mixture  of  methylamine  hydro- 
chloride and  ammonium  chloride  is  obtained.  Powder  and  digest  repeatedly 
with  absolute  alcohol  (or,  better,  exhaust  with  absolute  alcohol  in  a  Soxhlet 
apparatus).    The  amine  salt  may  be  crystallised  from  the  solution. 

The  course  of  this  reaction  illustrates  the  Beckmann  transformation ; 
the  mono-bromamide  existing  also  in  the  ''  enolic  "  form. 

CHjC^O  CHjC-OH 

.  I  Zl  II 

NHBr  ^  BrN. 

In  this  the  Beckmann  transformation  occurs,  the  bromine  and  methyl 
group  changing  places. 

CHa.C-OH  Br.C-OH 

II  — >  II 

BrN  CH3N. 

This  loses  HBr,  giving  an  isocyanate,  which  is  hydrolysed  in  the  usual  manner. 
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All  the  intermediate  products  have  been  isolated  (though  not  necessarily 
with  any  one  given  amide),  and  the  reaction  has  been  followed  in  all  its 
stages. 

The  free  base  may  be  liberated  from  the  hydrochloride  by  warming  with 
alkali.  It  is  a  gas  which  burns  and  possesses  an  odour  similar  to  that  of 
ammonia,  but  somewhat ''  fishy."  It  is  strongly  alkaline,  and  its  solution 
in  water  resembles  ammonia  solution  in  its  properties. 

Treated  with  nitrous  acid  (nitrite  followed  by  acid)  aJl  l^  amines  on 
warming  evolve  nitrogen  and  leave  the  corresponding  alcohol.  (Important 
reaction,) 

2.  Preparation  of  an  amine  by  Mendius'  reaction. — Reduction  of  nitrile 
(oxime  or  hydrazone). 

Ethylamine  from  aceto-nitrUe  (or  acetoxime). — In  a  round-bottomed  flask 
place  15  gms.  of  sodium.  Fit  a  small  reflux,  to  the  top  of  which,  to  prevent 
loss  of  the  amine,  flt  a  U-tube  containing  glass-wool  moistened  with  hydro- 
chloric acid  (1:1).  Pour  into  the  flask  7  gms.  of  aceto-nitrile  (or  7-5  of 
acetaldoxime  dissolved  in  45  c.cs.  of  absolute  alcohol).  Immediately  attach 
the  reflux  and  boil  gently.  If  a  crust  forms  on  the  surface  add  more  alcohol. 
When  the  sodium  has  dissolved,  allow  to  cool,  add  40  c.cs.  of  water  and  distil 
into  hydrochloric  acid  as  in  the  previous  preparation  (No.  1).  Collect  as  the 
hydrochloride  by  evaporation.  The  free  base  is  obtained  in  a  similar  manner 
to  that  in  which  methylamine  is  obtained,  and  has  very  similar  properties. 

Note, — A  given  cyanide  gives  the  next  higher  amine.  E.g.  methyl  cyanide 
gives  ethylamine. 

3.  Reduction  of  hydraaones.  (Tafel,  B,  22,  1855).— This  is  best  done  in 
acetic  acid  solution.  Dissolve  8  gms.  of  acetone  hydrazone  in  150  c.cs.  of 
alcohol,  and  to  this,  with  constant  cooUng,  add  acetic  acid  and  3  %  sodium 
amalgam,  small  quantities  at  a  time.  Keep  the  acetic  acid  in  excess  to 
prevent  loss  of  amine  and  continue  till  about  twice  the  theoretical  quantity 
of  sodium  has  been  added.  Digest  with  a  reflux  for  1|  hours  on  a  water-bath. 
Separate  the  mercury  and  pptd.  sodium  acetate,  render  strongly  alkaline  with 
caustic  soda,  and  distil.    The  aniline  is  readily  separated  as  it  boils  at  182^. 

B.P.  of  2''  propyl  V^  amine ;  31-5°  at  743  mm. 

4.  Gabriers  Phthalimide  reaction.  (B.  20,  2224 ;  21,  566,  2669.)— The 
method  consists  in  heating  the  alkyl  halide  with  potassium  phthalimide  and 
saponifying  the  product. 

(a)  Preparation  of  phthalimide, — Phthalic  anhydride  is  heated  to  130° 
in  a  flask  and  dry  ammonia  led  in  for  an^hour.  The  temperature  is  gradually 
increased  to  about  230°  (oil  or  fusible  metal  bath).  Crystallise  the  product 
from  ether. 

PropeHies,^Wbite  needle-like  crystals.    M.P.  233°.  - 

(6)  Preparation  of  the  potassium  sdU. — ^Dissolve  the  required  quantity  of 
phthalimide  in  alcohol,  and  add  the  calculated  quantity  of  potash  dissolved 
in  alcohol.     Filter,  wash  with  alcohol  and  ether  and  dry. 

Properties, — White  crystalline  salt,  sparingly  soluble  in  the  usual  solvents. 

(c)  Preparation  of  the  amine, — The  calculated  quantities  of  alkyl  iodide 
(bromide,  etc.)  and  potassium  phthalimide  are  heated  in  a  sealed  tube  to 
150°-200°.    The  product  is  crystallised  from  ether  to  remove  potassium 
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halide,  and  heated  in  a  sealed  tube  to  200°  with  3  parts  of  fuming  hydrochloric 
acid.    Obtain  the  free  base  as  before. 
Reactions: 

/\— CO  /N— CO 


\/ 


>NK  +  C,H5l  = 
—CO 


/\ 


-CO 


>NC8H5  +  KI 
-CO 


\/ 


>NC8H5+2H»0  = 


\/ 


— COOH 

+  C^gNHa. 
—COOH 


D.  Preparation  of  a  qaatemary  base  from  its  iodide. — The  solution  of  the 
salt  is  digested  and  warmed  with  excess  of  moist  freshly-pptd.  lead  hydroxide 
or  silver  oxide.  Boil,  cool,  filter  oS  the  pptd.  halide,  and  evaporate  in  a  silver 
or  nickel  basin. 

Properties. — The  quaternary  bases  are  white,  crystalline,  hygroscopic 
substances  which  closely  resemble  caustic  potash  in  both  physical  and 
chemical  properties. 

6.  Distinction  between  primary,  secondary  and  tertiary  amines.—!.  A 
primary  amine  gives  the  carbamine  reaction  with  chloroform  and  alcoholic 
potash.    Secondary  and  tertiary  amines  do  not. 

2.  Nitrous  acid  is  the  best  reagent  to  distinguish  between  them. 

(a)  To  the  acid  solution  of  the  amine  salt  add  sodium  nitrite  solution. 
Warm.    A  brisk  effervescence  due  to  nitrogen = primary  amine. 

C^5*NH,  +  0  :  N .  OH^C^ft'OH  +  Na  +  H^O. 

(6)  If  a  yellow  oil  separates  (nitrosamine),  the  amine  is  secondary. 

(CHj)^ :  NH  +  HO .  N  :  0  =  (CH8)a :  N .  N  :  O  +  Hj^O. 

Extract  with  ether,  wash  with  water  and  evaporate  off  the  ether.    Warm 
the  residue  with  phenol  and  strong  sulphuric  acid,  dilute  by  pouring  into 
water  and  render  alkaline  with  caustic  soda.    A  deep  blue  colour  is  produced, 
(c)  Tertiary  amines  do  not  react  at  all  with  nitrous  add. 
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CHAPTER  IX. 

CTANOGEN  DERIVATIVES. 

The  starting-point  of  many  of  these  is  potassium  ferro-cyanide. 

1.  Preparation  of  potassium  cyanide  (highly  poisonous). — Potassium 
ferro-cyanide  is  fused  with  potassium  carbonate. 

K^FelCN).  +  KjCOa  =  5KCN  +  KCNO  +  Fe  +  CO,. 

Extract  the  powdered  mass  with  alcohol,  which  removes  the  cyanate. 
Extract  the  cyanide  with  water,  filter  and  evaporate  (draught-cupboard). 

2.  Preparation  of  hydrocyanic  acid. — Distil  a  mixture  of  100  gms.  of 
potassium  ferrocyanide  (powdered),  70  gms.  of  strong  sulphuric  acid,  and 
140  CCS.  of  water  from  a  flask  fitted  with  a  condenser,  fitted  air-tight  to  the 
bottle  in  which  the  specimen  is  to  be  kept.  Another  tube  leads  from  the 
bottle  and  dips  into  cold  water.  The  whole  operation  must  be  conducted 
in  an  efficient  draught-cupboard,  and  the  greatest  care  taken  not  to  inhale 
any  of  the  vapours.  Pour  the  aqueous  solution  into  the  bottle  and  do  not 
attempt  to  prepare  the  anhydrous  acid. 

3.  Preparation  of  cyanides. — Mercuric  cyanide  may  be  obtained  by  dis- 
solving freshly-pptd.  yellow  mercuric  oxide  in  aqueous  hydrocyanic  acid. 
Filter  from  excess  of  oxide  and  evaporate  to  crystallisation,  occasionally 
adding  fresh  hydrocyanic  acid  solution  as  the  smell  disappears. 

Silver  cyanide  is  made  by  double  decomposition  in  the  usual  way. 

4.  Preparation  of  cyanogen. — ^Heat  mercuric  cyanide  in  a  test-tube. 
When  the  gas  is  evolved,  light  it  at  the  mouth  of  the  tube  and  note  the 
characteristic  flame. 

Hg(CN),=C^,  +  Hg. 

5.  Preparation  of  potassium  cyanate,  KCNO  (for  urea). 

(a)  From  potassium  ferrocyanide, — Gently  heat  50  gms.  of  the  salt  on  a 
clean  sand-tray  till  the  water  of  crystallisation  has  been  driven  ofl.  Qrind 
up  and  heat  again  at  110°  to  make  sure  that  it  is  quite  dry.  Grind  it  up, 
whilst  still  warm,  with  35  gms.  of  potassium  dichromate,  and  heat  in  a  shallow 
iron  pan  till  it  has  charred  and  begins  to  fuse.  Cool,  grind  up  and  boil  for 
10  minutes  with  100  c.cs.  of  80  %  alcohol  (reflux).  Decant  the  solution  from 
the  residue  and  repeat  twice  more  with  similar  quantities  of  alcohol.  Evapor- 
ate the  combined  extracts  to  dryness  on  the  water-bath.  Use  at  once  for  the 
preparation  of  urea  (q.v.  p.  336). 

(6)  From  potassium  cyanide. — Fuse  1  part  of  potassium  cyanide  with  2 
parts  of  red  lead  in  a  clean  sand-tray.    Cool  and  extract  as  before. 

330 
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6.  ^panUion  of  thio-cyanates.— (See  Book  I.,  preparations  165  and  166.) 

7.  Preparation  of  sodium  nitro-proMide,  Na,FeN0(CN)5,  2H20. 

K4Fe(CN),  +  2HNO3 = KjFeCCN),  +  KNO,  +  NO,  +  H^O. 
2K3Fe(CN)«  +  2N0j = 2KaFe(CN)5NO  +  2KCN  +  0,. 

The  free  acid  formed  is  then  neutralised  with  soda. 

To  60  gms.  of  finely-powdered  ferro-cyanide  add  60  gms.  of  strong  nitric 
acid  dilut^  with  its  own  volume  of  water.  Shake  thoroughly,  and  warm 
on  a  sand-bath  until  a  test  portion  no  longer  reacts  with  ferrous  sulphate 
(no  ferricyanide  left).  Cool  and  filter,  concentrate  the  filtrate  somewhat, 
and  again  filter  from  potassium  nitrate.  Make  alkaline  with  caustic  soda 
and  allow  to  cool.  Filter  again  on  the  pump,  washing  the  residue  with  50  % 
alcohol  and  adding  the  washings  to  the  filtrate.  Now  evaporate  dry,  and 
extract  with  80%  alcohol  (best  in  a  Soxhlet  apparatus).  The  potassium 
nitrate  will  now  be  left,  and  the  nitro-prusside  is  obtained  on  evaporating 
the  alcoholic  solution  after  addition  of  some  water. 

Properties. — 1.  Ruby  red  crystals. 

2.  Gives  a  purple  colour  with  alkaline  sulphides,  for  which  it  is  used  as 
a  test. 
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CHAPTER  X. 

:    SUBSTITUTED  ACIDS  AND  THEIR  DEBtVATtVES. 

Chlorination  of  a  fatty  add. 

1.  Preparation  of  ohloracetic  acid. — Weigh  out  40  gms.  of  glacial  acetic 
acid  in  a  tubulated  retort,  fix  the  retort  with  its  neck  sloping  upwards  and 
attach  a  reflux  condenser.  A  tube  from  the  end  of  this,  terminating  in  an 
inverted  funnel  dipping  into  a  beaker  of  strong  caustic  soda,  serves  to  absorb 
excess  of  chlorine.     (See  Fig.  98.)    To  the  contents  of  the  retort  add  4  gms. 


FlO.  98. 

of  sulphur  and  weigh  the  whole.  Now  pass  a  rapid  current  of  chlorine  through 
a  tube  fixed  in  the  tubulus  of  the  retort,  the  acid  being  boiled  all  the  time 
and  the  apparatus  placed  in  sunlight  if  possible.  When  there  is  an  increase 
in  weight  of  15-16  gms.  in  the  contents  of  the  retort  (about  12  hours),  transfer 
to  a  distillation  flask  fitted  with  a  thermometer  and  distil.  Reject  the  portion 
distilling  below  160^  and  collect  the  fraction  leO^-lOC*.  Drain  this  (it  will 
nearly  all  solidify  in  the  receiver)  and  distil  the  solid  portion  again.  B.P. 
186^ 

Properties. — 1.  Colourless  crystab.    M.P.  63°.    Soluble  in  water.    Smell 
like  acetic  acid. 
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2.  Solution  does  not  give  a  ppt.  with  silver  nitrate.  . 

3.  Heated  on  oxidised  copper  gauze  it  gives  a  fine  blue-green  flame. 
(Beilstein's  test  for  halogens.) 

4.  With  ferrifc  chloride,  amyl  alcohol,  etc.,  it  reacts  very  similarly  to 
acetic  acid. 

2.  Preparation  of  diohloraoetic  add. — Carry  on  the  above  preparation  until 
the  increase  in  weight  is  30  gms.  Distil,  coUect  the  fraction  170^-200°,  and 
redistil  this.    B.P.  190°-19r  ;  M.P.  -4°. 

3.  Freparation  of  triohloraoetic  add. — The  continue^AUprination  of 
acetic  acid  may  be  used,  but  is  very  tedious.  It  is  more  conveml^  to  oxidise 
chloral.  %^  'AS^  V 

In  an  open  dish  melt  50  gms.  of  chloral  hydrate  and  carefully^k^J^d  20t^s. 
of  nitric  acid  of  S.G.  1*52.    Transfer  to  a  retort  and  distil.    Treal^i^e  dii^  ^ 
tillate  above  176°  as  for  monochloracetic.    B.P.  196^-200°.  %      <r/^ 

Properties, — 1.  Colourless  deliquescent  crystals.    M.P.  52°,  ^  o^  ^^> 

2.  Hydrolysis  with  alkalis  yields  chloroform.  ^5^  VU 

3.  In  other  respects  closely  resembles  acetic  acid.  ^^     ^/ 
Bromine  snbstitated  adds  by  the  Hell-Volhard-Zelinsky  reaction. — ^Hell,  "T^ 

B.  14,  891 ;  Volhard,  A.  242,  144 ;  ZeUnsky,  B.  20,  2026. 

4.  Preparation  of  bromaoetic  add. — To  25  gms.  of  perfectly  dry  glacial 
acetic  acid  in  a  tubulated  retort  add  5  gms.  of  red  phosphorus  which  has 
been  washed  with  water  and  dried  in  a  steam  oven.  Slope  the  neck  of  the 
retort  upwards  and  connect  it  to  a  reflux  and  an  absorption  vessel  as  for 
chloracetic  acid.  The  latter  contains  water  to  absorb  hydrobromic  acid. 
Fit  a  tap-funnel  into  the  tubulus  of  the  retort  and  slowly  runjn  (with  cooling 
at  first),  100  gms.  (34  c.cs.)  of  bromine.  Then  boil  tUl  the  colour  of  the 
bromine  has  gone.  Distil  the  residue  under  diminished  pressure  (50-60  mm.) 
and  collect  the  fraction  between  50°-55*^.  The  bromacetyl  bromide  obtained 
is  added  to  hot  water  in  the  draught-cupboard,  and  the  bromacetic  acid 
obtained  is  fractionated  under  diminished  pressure.  Redistil  at  ordinary 
pressure,  using  an  air-condenser,  and  collect  the  portion  boiling  above  170^. 

AUemativelyf  the  bromacetyl  bromide  may  be  treated  with  the  calculated 
quantity  of  water  and  the  resulting  crystalline  mass  fractionated. 

Properties,— I.  Colourless  crystals.    M.P.  50^  ;  B.P.  208.*' 

2.  Otherwise  closely  resembles  chloracetic  acid. 

BromO'SiKxinic  acid  may  be  similarly  made  ;  the  bromo-succinyl  bromide 
is  added  to  2^  times  its  volume  of  boiling  water  and  the  acid  extracted  with 
ether  after  cooling. 

5.  Preparation  of  amino-adds. 

(i)  GlycocoU,  CHg .  NH^  ..COOH,  from  chloracetic  acid.— Into  a  litre  flask 
put  50  gms.  of  chloracetic  acid  du»olved  in  50  c.cs.  of  water,  and  add 
600  c.cs.  of  26  %  ammonia  (S.G.  -905).  Stir  thoroughly  and  leave  for  24 
hours.  Remove  ammonia  in  excess  by  warming  and  drawing  a  current  of 
air  through  the  liquid  by  means  of  a  filter-pump.  Boil  the  liquid  and  add 
copper  carbonate  till  no  more  will  dissolve.  Filter  and  crystallise  the  copper 
glycocollate  by  evaporating  till  ready  to  crystallise,  adding  an  equal  volume  of 
alcohol  and  setting  aside  for  24  hours.  Wash  with  (a)  60  %  alcohol,  (6)  90  % 
alcohol  till  the  washings  are  colourless. 


Digitized  by 


Google 


334  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

Dissolve  in  the  minimum  of  water,  add  a  little  freshly-pptd.  aluminium 
hydroxide,  and  saturate  with  hydrogen  sulphide.  Filter,  wash  the  ppt. 
with  hydrogen  sulphide  water  and  add  the  washings  to  the  filtrate.  Evaporate 
to  crystallisation.    Sometimes  called  Glycine.    (See  p.  298.) 

Properties. — Colourless  crystals,  readily  soluble  in  water,  melting  at  236° 
with  complete  decomposition. 

Alanine,  a-chloro-propionic  acid,  may  be  made  similarly,  but  its  prepara- 
tion mil  illustrate  another  method. 

(ii)  Alanine  from  aoetaidehyd  (Strecker's  synthesis). 

/OH  /NH^, 

CH3.CH0  +  NH3  =  CH,.CH         +HCN  =  CH».CH 

^NH,  "^CN 

which  on  hydrolysis     >    CH3CH 

^COOH. 
In  a  flask  fitted  with  a  reflux  boil  a  mixture  of  2  parts  of  aldehyd-ammonia, 
3  parts  of  potassium  cyanide  and  excess  of  hydrochloric  acid,  in  aqueous 
solution,  for  several  hours.  Disconnect,  evaporate  and  ppt.  the  ammonium 
chloride  by  addition  of  alcohol.  Filter.  The  filtrate  will  contain  alanine 
hydrochloride.  Dissolve  it  in  water  and  add  excess  of  freshly  pptd.  lead 
hydroxide  (or  silver  oxide).  Filter ;  pass  hydrogen  sulphide  through  the 
filtrate  if  lead  hydroxide  is  used,  filter  from  the  lead  sulphide,  and  evaporate 
to  crystallisation. 

Properties. — 1.  Hard  needle-shaped  crystals,  soluble  in  5  parts  of  water. 
Easily  soluble  in  hot  water  or  alcohol. 

2.  Sublimes  if  heated  gently,  but  if  rapidly  heated  it  decomposes  into 
ethylamine  and  carbon  dioxide. 

6.  Preparation  of  an  ozy-acid.    Lactic  add. 

(a)  From  alanine.— Dissolve  20  gms.  of  alanine  in  100  gms.  of  warm 
water.  Add  a  solution  of  sodium  or  potassium  nitrite  (rather  more  than 
the  calculated  quantity).  Then  gradually  add  dilute  sulphuric  acid  till  in 
excess.  Warm  till  no  more  nitrogen  is  evolved.  Cool,  extract  with  ether 
and  allow  the  ether  to  evaporate. 

(b)  From  aJdehyd,  by  hydrolysis  of  the  cyanhydrin. — Dissolve  the  aldehyd 
in  ether  and  add  the  calcidated  quantity  of  finely-powdered  pure  potassium 
cyanide.  Add  to  this,  a  little  at  a  time,  concentrated  hydrochloric  acid, 
till  excess  has  been  added.  Leave  for  2  hours,  decant  the  ethereal  solution 
and  distil  off  the  ether.  The  cyanhydrin  left  is  boiled  under  a  reflux  with 
concentrated  hydrochloric  acid  for  an  hour.  Neutralise  with  chalk,  evaporate 
dry,  add  a  sli^t  excess  of  dilute  sulphuric  acid  to  the  residue,  and  extract 
with  ether.  Evaporate  the  ether  and  the  lactic  add  is  left  as  a  thick,  sour 
liquid. 

Properties. — 1.  Soluble  in  water,  alcohol  and  ether.  M.P.  IS**,  but  is 
difficult  to  obtain  in  crystals. 

2.  Its  solution  evaporated  in  a  desiccator  deposits  crystals  of  lactic  anhy- 
dride. 
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3.  Heated  to  130°  with  dilute  sulphuric  acid,  it  is  decomposed  into  aldehyd 
and  formic  acid. 

4.  Heated  alone  it  forms  lactide  (150°  in  a  current  of  dry  air),  which  is  an 
ester  anhydride. 

CH3.CH  OH  COO  H  CH3-CH-CO 

/    /  I         I 

OTT  ^  0        0 

^H  I         I 

iHOOC-CH.CHa  0=C  -  CH.CH*. 

5.  With  ferric  chloride  in  neutral  solution  it  gives  a  yellow  colour.   . 

As  s)mthe8ised,  lactic  acid  is  not  optically  active  (p.  488),  being  a  racemic 
mixture  of  the  two  active  isomers. 

Separation  of  raoemic  mixinres  into  active  components. 

1.  PcLsteur's  mechanical  method. — (Pasteur,  Ann,  Chim.  Phys,,  1848  (3), 
M,  442, 1850  (3),  28,  56.)    This  is  of  great  historic  interest. 

Prepare  sodium  ammonium  racemate,  NaNH4C4H40e,  from  racemic 
tartaric  acid,  crystallise  so  that  a  large  number  of  small  separate  crystals 
are  produced  and  pick  out  several  at  random.  Redissolve  the  remainder 
and  grow  the  picked  ones  till  large  enough  to  see  the  secondary  facets.  Then 
prepare  the  acids  via  the  calcium  salt.  (See  p.  297,  also  p.  488,  for  the  con- 
stants of  tartaric  acid,  also  Gemez,  C.  R,  68,  843.) 

2.  The  biochemical  method. — One  active  component  is  destroyed  by 
bacteriological  means,  leaving  the  other.  The  racemic  body,  after  sterilisation 
and  the  addition  of  inorganic  salts  as  a  culture  medium^  is  infected  with  a 
culture  on  a  platinum  wire  and  set  in  a  warm  place  for  several  weeks.  The 
remaining  active  body  is  separated  by  physical  means. 

For  examples  see  mandelic  acid  (p.  383)  and  tartaric  acid  (p.  488),  also 
B,  16, 2720,  for  the  biochemical  separation  of  lactic  acid  by  means  of  peniciUium 
glaucum. 

3.  The  use  of  optically  active  bases. — Salts  of  the  two  forms  of  an  active 
acid  with  an  active  base  may  have  different  solubilities. 

Purdie  and  Walker  (J.C.S.  1892,  754)  resolve  lactic  acid  by  dissolving 
460  gm.  strychnine  in  just  enough  lactic  acid  for  solution. 

Fractionally  crystallise  eight  to  ten  times,  dissolve  in  water,  ppt.  strychnine 
with  NH4OH,  filter,  evaporate  filtrate,  and  repeat  the  pptn.  with  NH4OH. 

The  product  is  (i-ammonium  lactate  from  which  the  free  acid  is  obtained 
by  boiling  with  ZnO  and  crystallising  the  zinc  salt  (the  first  crop  contains 
some  ^salt),  after  which  H^S  and  ethering  out  yield  the  acid. 

This  experiment  gives  small  jrields  and  is  very  tedious. 

They  also  treat  a  solution  of  t-lactic  acid  with  sufficient  I-strychnine  to 
neutralise  half  of  it.  The  crystals  are  ^strychnine-Mactato,  while  the  liquor 
contains  the  free  acid,  though  both  are  impure. 

See  also  Hirsch  (B.  27,  887)  for  the  resolution  of  cinnamic  acid  di-bromide 
with  I-brucine  in  alcohol  for  the  (^acid,  and  cinchonidine  in  benzene  for  the 
I-acid.     The  salts  are  decomposed  by  mineral  acids. 


Digitized  by 


Google 


CHAPTER  XL 

DERIVATIVES  OF  POLYBASIC  ACIDS. 

A.    CARBONIC  ACID  DERIVATIVES. 

1.  Freparaiion  of  carbonic  ester. — (a)  Boil  ethyl  iodide  with  some  excess 
of  silver  carbonate,  under  a  reflux,  for  15  minutes.  Filter  and  fractionate, 
collecting  the  portion  distilling  at  124°-128°.    B.P.  126**. 

(6)  If  phosgene  is  available,  pass  it  into  a  solution  of  sodium  in  alcohol 
(sodium  ethylate)  till  no  more  ppt.  of  sodium  chloride  forms.  Filter  and 
distil  as  above. 

2.  Preparation  of  potassium  ethyl  carbonate. — Through  a  clear  saturated 
solution  of  potash  in  alcohol  pass  a  current  of  carbon  dioxide,  using  a  funnel 
as  delivery  tube  to  prevent  stoppage  by  the  deposited  crystals.  When  no 
more  form,  separate  and  dry  on  a  porous  plate. 

For  ammonium  carbamate  see  Book  I.  p.  72. 

3.  Preparation  of  urea  (carbamide),  CO(NH2)2«— l^is^olve  1  part  of  potas- 
sium cyanate  in  5  parts  of  water,  and  add  1*25  parts  of  ammonium  sulphate. 
Evaporate  to  dryness  (finally  on  water-bath)  and  extract  the  finely-powdered 
product  with  several  portions  of  alcohol  by  boiling  in  a  flask  with  a  reflux, 
or,  better,  in  a  Soxhlet  apparatus.  Evaporate  the  extract  to  crystallisation 
on  a  water-bath.    Yield,  about  half  the  weight  of  cyanate  taken. 

NH4CN0 :;!::  co(nh2),. 

Properties, — 1.  Colourless  prisms,  soluble  in  water  and  alcohol,  but  not 
ether.    M.P.  132'*. 

2.  Heated  gently,  ammonia  is  evolved  and  the  molten  mass  solidifies 
to  biuret,  NHj .  CO  .  NH  .  CO  .  NH^,  which,  dissolved  in  caustic  soda  and 
treated  with  2  drops  of  copper  sulphate,  gives  a  fine  violet  colour  of  copper 
biuret. 

3.  Boiled  with  caustic  alkali,  ammonia  is  evolved. 

4.  Treated  with  a  solution  of  sodium  nitrite  and  then  dilute  acid,  a  copious 
evolution  of  nitrogen  and  carbon  dioxide  takes  place. 

CO(NH2)2  +  2HNO2  =  3H2O  +  2N2  +  CO2. 

5.  Treated  with  alkaline  hypobromite  or  bleaching  powder  solution, 
nitrogen  is  evolved. 

CO(NH2)2  +  3NaOBr  +  2NaOH  =  3NaBr  +  N,  +  SKfi  +  Na^CO,. 

(See  under  Ckts  analysis.) 
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6.  A  concentrated  solution  of  urea  treated  with  oxalic  acid  solution  gives 
a  white  ppt.  of  urea  oxalate,  which  on  recrystallisation  from  hot  water  gives 
beautiful  feathery  crystals. 

7.  Concentrated  nitric  acid  added  to  a  strong  solution  of  urea  ppts.  urea 
nitrate. 

4.  Preparation  of  thio-nrea  (thio-carbamide),  CS(NH2)2.— In  a  small  flask 
put  40  gms.  of  ammonium  thio-cyanate.  Immerse  a  thermometer  in  it  and 
melt  it  by  heating  in  an  oil  or  fusible  metal  bath.  Raise  the  temperature 
to  170°-176*^  and  maintain  it  for  an  hour.  Allow  to  cool  and  boil  the  residue 
with  60  CCS.  of  water.  Filter  whilst  hot.  On  cooling  thio-urea  crystallises. 
Recrystallise  from  hot  water. 

NH4CNS  =  CS(NH2)2. 
Properties. — 1.  Colourless  flat  needles.     M.P.  172**.    Soluble  in  water  and 
alcohol,  not  in  ether. 

2.  In  many  other  respects  it  closely  resembles  urea. 

5.  Preparation  of  goanidine. 

C=NH 

When  ammonium  thio-cyanate  is  heated  to  a  higher  temperature  we  get 
guanidine  thio-cyanate  instead  of  thio-urea.  40-50  gms.  of  ammonium 
thio-cyanate  are  heated  for  20  hours  to  180°-190**  in  a  retort  with  a  thermo- 
meter passing  through  the  tubulus.    (Oil-bath.) 

The  mass  is  allowed  to  cool,  extracted  with  boiling  water  and  decolorised 
by  boiling  the  extract  with  animal  charcoal  and  filtering.  Crystallise  the 
filtrate  and  recrystallise  from  alcohol. 

To  obtain  the  free  base  from  the  thio-cyanate,  dissolve  100  parts  of  the 
product  in  the  minimum  of  water  and  add  58  parts  of  potassium  carbonate 
and  200  parts  of  boiling  alcohol.  The  guanidine  carbonate  thus  obtained  is 
decomposed  by  cold  baryta  solution  (calculated  quantity)  and  the  filtered 
solution  crystallised. 

Properties, — 1 .  A  deliquescent  crystalline  body.    M.P.  not  very  definite. 

2.  It  is  strongly  alkaline,  resembling  caustic  soda,  and  absorbs  carbon 
dioxide  from  the  air. 

3.  Boiled  with  alkalis,  it  is.  hydrolysed  first  to  urea  and  ammonia,  then  to 
carbonic  acid  and  ammonia. 

B.    DICARBOXTLIC  ACIDS  AND  DERIVATIVES. 

1.  OxaUc  acid.— (See  Chapter  III.    Part  I.) 

Properties. — 1.  Colourless  crystals  containing  2  molecules  of  water  of 
crystallisation.  M.P.  100°  with  evolution  of  water,  and  some  decomposition 
to  carbon  dioxide  and  formic  acid. 

2.  Heated  with  strong  sulphuric  acid,  carbon  monoxide  and  dioxide  are 
evolved. 

3.  Decolorises  permanganate  in  sulphuric  acid  solution  at  60°  in  a  character- 
istic manner,  slowly  at  first,  then  more  rapidly,  with  evolution  of  carbon 
dio2dde. 
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4.  Neutralised  with  ammonia  and  treated  with  calcium  chloride,  calcium 
oxalate  is  pptd.,  insoluble  in  acetic  acid. 

2.  Oxalic  ester,  oxamide  and  oxamethane  have  been  described  in  ChapterV . 

3.  Preparation  of  malonic  ester  (Claisen,  A,  218,  131). — This  substance  is 
of  great  importance  for  many  syntheses  (see  later).  Neutralise  a  solution  of 
100  gms.  of  chloracetic  acid  in  200  gms.  of  water  with  75  gms.  of  potassium 
carbonate.  Now  add  80  gms.  of  pulverised  potassium  cyanide,  and  warm 
till  the  reaction  starts  (draught-cupboard).  Then  evaporate  with  vigorous 
stirring  till  a  thermometer  placed  in  the  mass  registers  135''.  Cool  with 
constant  stirring,  add  f  the  volume  of  alcohol,  saturate  with  hydrochloric 
acid  gas  in  a  flask  fitted  with  a  reflux  and  heat  for  2  hours  on  a  water- 
bath.  Cool,  add  some  ice  and  extract  with  ether  after  first  filtering  off  the 
pptd.  salt.  The  ether  extract  is  treated  in  the  separation  funnel  with  dilute 
sodium  carbonate  solution  till  it  is  no  longer  acid.  It  is  then  dried  with 
anhydrous  sodium  sulphate,  the  ether  distilled  off  and  the  residue  distilled. 
B.P.  195°.    Yield,  80  gms. 

The  free  acid  is  obtained  by  adding  twice  the  volume  of  strong  hydro- 
chloric acid  to  the  cyanacetic  acid  niade  as  above,  then  saturating  with 
hydrochloric  acid  gas  and  removing  the  ppt.  of  potassium  and  ammonium 
chlorides  after  standing  overnight.  Extract  the  acid  with  ether.  (Bourgoin, 
B.  88,  570.) 

4.  Preparation  of  saccinic  anhydride  (Volhard's  method). — Into  a  250  c.cs. 
flask  put  75  gms.  of  succinic  acid  which  has  been  dried  at  100°.  Add  110  gms. 
of  acetyl  chloride  and  boil  for  2  hours  with  a  reflux.  When  no  more  hydro- 
chloric acid  gas  comes  off,  distil,  using  an  air-condenser.  When  the  distillate 
solidifies  on  cooling,  collect  the  anhyd^de. 

Properties.— 1.  CrystaUine  soUd.    M.P.  120°  ;  B.P.  256^ 
2.  Heated  in  a  test-tube  with  a  little  resorcinol  and  zinc  chloride  a  red 
melt  is  obtained,  which  when  dissolved  in  caustic  soda  and  poured  into  water 
shows  a  fine  green  fluorescence.    This  is  characteristic  of  anhydrides,  con- 
taining the  grouping 


-(Uf 
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C.    0X7  P0LTBA8IC  ACIDS  AND  DERIVATIVES. 

1.  Tartaric  acid  (see  pp.  297,  335,  488),  (CHOH)2(COOH)2. 
Properties, — 1 .  White  crystals,  soluble  in  water.    A  strong  solution  treated 

with  a  little  potash  deposits  cream  of  tartar,  KH(C4H40e). 

2.  On  heating  the  acid  (or  a  salt)  it  chars  and  gives  off  a  smell  of  burnt 
sugar. 

3.  Heated  with  strong  sulphuric  acid  it  chars  readily  (difference  from 
citric  acid),  and  evolves  CO,  COg  and  SOg. 

4.  Treated  with  hydrogen  peroxide,  a  little  ferrous  sulphate,  and  then 
excess  of  alkali,  a  deep  violet  colour  is  produced,  caused  by  the  formation 
of  dioxytartaric  acid  (Fenton's  reaction). 
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5.  Calcium  chloride  added  to  a  neutral  tartrate  gives  a  white  ppt.  of 
calcium  tartrate  in  the  cold  (difference  from  citric  acid). 

6.  Neutral  tartrates  give  the  silver  mirror  test  (see  under  Aldehyd). 
2.  Citrioadd. 

CHjCOOH 
I /OH 


IXJC 


300H 
CHjCOOH.    (See  Chapter  III.). 

Properties, — 1.  White  crystals.    Soluble  in  water. 

2.  When  it  (or  a  salt)  is  heated  it  chars,  giving  off  irritating  odours  (see 
next  preparation). 

3.  Heated  with  strong  sulphuric  it^behaves  like  tartaric  acid,  but  not  as 
quickly. 

4.  Calcium  chloride  added  to  a  neutral  citrate  gives  no  ppt.  in  the  cold, 
but  on  boiling,  calcium  citrate  is  deposited  (distinction  from  tartaric). 

5.  It  gives  no  sUver  mirror  test,  though  anmioniacal  silver  nitrate  is 
reduced. 

6.  Silver  nitrate  ppts.  white  silver  citrate  from  neutral  solutions. 

3.  PraparationofCitraconicaoid. 

CH, 

I 
C-COOH 

CH— COOH. 

Dry  80  gms.  of  citric  acid  at  100°  and  distil  it  from  a  flask  or  retort  connected 
with  an  air-condenser.  The  receiver  is  a  distilling  flask  (corked  to  the  con- 
denser) the  side  tube  of  which  leads  to  the  fume-cupboard.  Distil  rapidly  and 
stop  when  the  distillate  becomes  brown.  Fractionate  the  distillate  and 
collect  the  citraconic  anhydride  between  210°  and  220°. 

Properties. — ^Like  succinic  and  phthalic  acids  it  gives  a  fluorescein  with 
resorcinol  owing  to  the  presence  of  the  characteristic  grouping. 

4.  Preparation  of  fnmaric  add. 

CH.COOH 

II 
COOH.CH 

(I^ssaigne:   Ann.  Chim.  [2],  1193). 

Heat  malic  acid  to  150°  in  a  flask  in  an  oil-bath.  Allow  to  cool*and  filter 
off  the  fumaric  acid.  A  further  crop  is  obtained  on  evaporation.  It  sublimes 
at  200°  without  melting. 

5.  Preparation  of  maleic  add. 

H.C.COOH 

II 
H.C.COOH. 

Distil  malic  or  fumaric  acid,  heating  quickly  to  200°. 

Prisms.    M.P.  130°.    Soluble  in  2  parts  of  water.    It  is  a  geometrical 
isomer  of  fumaric  acid. 
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CHAPTER  XII. 

DERIVATIVES  OF,  AND  PREPARATIONS  FROM  GLTCEROL. 

Olyoerol  or  Glycerin.— (See  Chapter  III.,  Introduction.) 
Properties, — 1.  Thick,  sweet  syrup. 

2.  Boils  at  290°  with  decomposition  and  evolution  of  irritating  vapours 
(acrolein). 

3.  A  borax  bead  moistened  with  glycerol  gives  a  green  colour  to  the 
bunsen  flame. 

1.  Preparation  of  formic  acid  (Berthelot,  Ann.  Ch.  Ph.  (3),  46,  477).— 
When  oxalic  acid  is  heated  with  glycerin,  carbon  dioidde  is  evolved  and 
formic  acid  produced.  This  with  glycerin  forms  an  ester,  glycerin  mono- 
formin,  which  is  hydrolysed  by  the  water  of  crystallisation  in  more  oxalic 
acid. 

Dry  60  gms.  of  glycerin  by  careful  heating  in  an  open  dish  to  170°.  Cool 
and  put  into  a  retort  fitted  with  a  thermometer,  condenser  and  receiver. 
Add  60  gms.  of  crystallised  oxalic  acid.  With  the  thermometer  dipping 
into  the  liquid,  maintain  the  temperature  at  about  105°  till  the  evolution 
of  carbon  dioxide  slackens.  A  weak  solution  of  formic  acid  collects  in  the 
receiver.  Allow  to  cool  somewhat,  add  another  50  gms.  of  oxalic  acid 
and  heat  up  again.  This  may  be  repeated  with  two  more  portions  of  oxalic 
acid,  when  the  distillate  will  be  65  %  formic  acid.  It  is  neutralised  whilst 
hot  with  lead  carbonate,  filtered,  and  the  lead  salt  crystallised  out  and  dried. 
The  anhydrous  acid  is  obtained  as  described  in  Chapter  VI. 

Properties.— I.  Pungeut  smelling  liquid.    M.P.  8°  ;  B.P.  101°. 

2.  Heated  with  strong  sulphuric  acid  evolves  carbon  monoxide  without 
charring. 

3.  The  acid  and  its  salts  are  strong  reducing  agents  :  ammoniacal  silver 
oxide  gives  a  ppt.  of  metallic  silver  ;  Fehling's  solution  is  also  reduced. 

4.  With  ferric  chloride,  and  with  alcohol  and  sulphuric  acid,  formates 
give  similar  reactions  to  those  of  acetates. 

2.  Preparation  of  allyl  alcohol,  CH, :  CH .  CH2OH. — Into  a  retort  put  a 
mixture  of  4  parts  of  glycerol  and  1  part  of  crystallised  oxalic  acid,  and  add  a 
small  quantity  of  ammonium  oxalate  (0-5  %).  Fit  with  a  thermometer  and 
condenser  and  heat  slowly  up  to  260°.  Some  formic  acid  distils  at  first,  and 
at  200°  the  receiver  is  changed.  The  portion  distilling  from  200°-260°  is 
redistilled  until  a  portion  gives  no  oily  droplets  on  addition  of  potassium 
carbonate.    The  product  is  treated  with  potassium  carbonate  to  salt  out  the 

alcohol. 
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A  further  yield  may  be  obtained  by  treating  the  residue  in  the  retort  with 
another  lot  of  oxalic  acid  and  repeating  the  process. 

Finally  the  united  products  are  treated  with  solid  potash  and  redistilled. 
B.P.  96°-97°. 

Properties, — 1.  Colourless  liquid,  penetrating  odour.  Solidifies  at  50® 
when  pure.    S.6.  0858  at  0°.    Miscible  with  water,  etc. 

2.  Oxidation  with  chromic  acid  gives  the  characteristic  smell  of  acrolein. 

3.  It  decolorises  bromine  water  and  alkaline  permanganate. 

3.  Preparation  of  allyl  iodide,  CHj  :  CH .  CEL^, — In  a  tubulated  retort  mix 
13  parts  of  glycerol  and  9  of  iodine.  Add  gradually  3  parts  of  red  phosphorus 
and  shake  well  till  mixed.  Distil  slowly,  keeping  the  mixture  just  frothing, 
otherwise  much  2'^  propyl  iodide  is  formed.  Wash  the  distillate  with  dilute 
caustic  soda,  water,  and  finally  dehydrate  over  calcium  chloride  and  rectify. 
The  fraction  between  98**-103°  is  nearly  pure  allyl  iodide.  (If  coloured  with 
iodine  distil  from  a  little  red  phosphorus.) 

Properties. — Colourless  liquid,  disagreeable  odour.  B.P.  101°  ;  S.G.  1*79 
at  15^ 

4.  Secondary  propyl  iodide,  CHs .  CHI .  CHs,  is  obtained  in  the  above  prepara- 
tion if  the  distillation  is  carried  out  quickly.  A  better  yield  is  obtained  by 
using  double  the  quantity  of  iodine,  and  yellow  phosphorus  instead  of  red. 
The  fraction  85°-90°  is  redistilled  as  for  allyl  iodide. 

5.  Preparation  of  acrolein,  CHj :  CH .  CH :  0. — In  a  retort  mix  5  parts  of 
anhydrous  glycerol  with  10  parts  of  potassium  bisulphate  (dry)  and  4  parts 
of  potassium  sulphate.  Leave  for  12  hours,  then  distil,  gently  at  first.  The 
receiver,  which  should  be  attached  to  the  condenser,  is  cooled  with  ice.  The 
distillation  will  take  4-5  hours  and  the  distillate  separates  into  2  layers. 
Distil  each  layer  separately,  collecting  the  product  below  60°.  Redistil 
from  litharge,  dry  over  calcium  chloride  and  redistil.  Yield,  40  %  of 
theory. 

Properties. — 1.  Liquid  of  penetrating  unpleasant  odour.  B.P.  52°. 
Soluble  in  2-3  parts  of  water. 

2.  It  possesses  all,  the  properties  both  of  an  aldehyd  and  of  an  unsaturated 
body. 

6.  Preparation  of  glyceric  acid,  CHjOH .  CHOH .  COOH  (Debus,  A.  106, 
79  (1858) ). — In  a  glass  cylinder  place  equal  volumes  of  nitric  acid  (S.G.  1*5) 
and  of  a  mixture  of  equal  volumes  of  glycerol  and  water,  so  that  they  do  not 
mix  but  form  two  layers.  Leave  for  6  days.  Evaporate  to  a  syrup,  dissolve 
in  water  to  a  dilute  solution  and  neutralise  with  litharge.  Set  aside  with 
the  excess  of  litharge  for  a  day,  heat  on  the  water-bath  for  2  hours  and  filter 
hot.  Purify  the  lead  salt  by  crystallisation  and  decompose  it  in  hot  water 
suspension  by  saturating  with  hydrogen  sulphide.  Filter  and  evaporate  to 
a  syrup.    Yield,  about  30  %  of  theory. 

Properties. — Thick  sjmip,  soluble  in  water  and  alcohol,  not  in  ether. 

7.  Preparation  of  giycerose,  C^Kifi^. — Dissolve  10  gms.  of  glycerol  and 
35  gms.  of  crystalline  soda  in  60  c.cs.  of  warm  water.  Cool  to  room  tempera- 
ture and  add  slowly  15  gms.  (5  c.cs.)  of  bromine.  Shake  well  after  each 
addition.  Carbon  dioxide  is  evolved,  and  in  half  an  hour  the  reaction  will 
be  over. 
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To  test  foi  the  glycerose  treat  with  sulphuric  acid  till  the  colour  of  bromine 
appears,  render  alkaline  again  and  add  Fehling's  solution. 

The  osazone  may  be  prepared  in  the  usual  way. 

Note, — The  above  reaction  gives  rise  to  a  mixture  of  sugars,  in  which 
i-fructose  predominates.  This  was  named  a-acrose  by  E.  Fischer,  who  was 
the  first  to  carry  out  the  reaction. 
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CHAPTER  XIII. 

THE  CABBOHTDBATES. 

1.  Redaction  of  a  hexose  to  a  hexite. 

Arabinose  to  arabinite :       ,  I  to  mannite. 

'      glucose  / 

CHjOH .  (CHOH)^ .  CHO — >CH,OH .  (CHOH)^ .  CHjOH. 

Dissolve  15  gms.  of  the  sugar  in  200  c.cs.  of  water  and  add  300  gms.  of  3  % 
sodium  amalgam  in  small  portions,  keeping  the  liquid  just  ^cid  with  dilute 
sulphuric.  When  sufficient  amalgam  has  been  used  (many  hours  are  necessary) 
Fehling's  solution  will  no  longer  be  reduced.  Separate  the  mercury,  boil 
the  neutral  solution  till  crystallisation  begins.  Then  mix  whilst  hot  with 
an  equal  volume  of  90  %  alcohol,  filter  hot  and  set  aside.  The  hexite 
crystallises  out. 

2.  Oxidation  of  a  sugar  to  an  acid. — Glucose  to  gluconic  acid ;  arabinose 
to  arabonic  acid. 

CHaOH .  (CH0H)4 .  CHO — ^CH, .  OH .  (CHOH)^ .  COOH. 

Mix  a  concentrated  solution  of  1  part  of  sugar  with  2  parts  of  nitric  acid, 
S.6.  1*2,  and  maintain  at  35°  for  6  hours.  The  solution  is  then  diluted  and 
warmed  with  calcium  carbonate  till  neutral.  Filter  and  crystallise  the 
calcium  salt,  treat  with  the  requisite  quantity  of  sulphuric  acid,  and  extract 
the  filtered  liquid  with  ether. 

3.  Kiliani'8  synthesis  of  a  hexose  from  a  pentose,  a  heptose  from  a 
hexoseetc. 

Scheme. — Hexose Hsyanhydrin ^-heptolactone >-heptose. 

Preparation  of  glucoheptose  from  glucose. 

(a)  Preparation  of  the  heptolactone. — 100  gms.  of  glucose  are  dissolved  in 
500  c.cs.  of  3  %  aqueous  hydrocyanic  acid,  and  1  c.c.  of  strong  ammonia  added. 
The  mixture  is  kept  at  25°  for  several  days,  when  the  liquid  turns  brown 
and  the  smell  of  prussic  acid  almost  disappears.  The  liquid  is  now  boiled 
quickly  and  then  treated  with  134  gms.  of  crystallised  baryta  in  400  c.cs.  of 
water.  Warm  until  the  smell  of  ammonia  disappears,  acidify  the  hot  liquid 
with  sulphuric  acid,  boil  off  unchanged  hydrocyanic  acid,  ppt.  the  remainder 
of  the  barium  as  sulphate  and  evaporate  the  filtrate  in  an  open  dish  to  a  thick 
syrup  (excess  of  sulphuric  acid  must  be  avoided).    Leave  for  several  days 
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till  the  heptohkctone  has  crystallised,  and  wash  away  the  dark  mother-liquot 
with  80  %  alcohol.    Filter  at  the  pump.    Yield,  about  30  gms, 

(b)  Bedaotion  of  the  laotoiie  to  the  heptose. — Dissolve  30  gms.  of  the  lactone 
in  300  CCS.  of  water  in  a  IJ  litre  flask.  Cool  in  ice  and  salt,  add  4  c.cs.  of  dilute 
sulphuric  acid  and  then  200  gms.  of  2^  %  sodium  amalgam.  Continue  to  add 
sulphuric  acid  at  such  a  rate  that  the  liquid  is  just  acid,  and  cool  in  the  freezing 
mixture  during  the  whole  reaction.  When  the  amalgam  has  been'used  up 
add  a  further  200  gms.,  and  proceed  as  before  till  600  gms.  in  all  have  been 
added.  This  will  have  required  about  an  hour.  Separate  from  the  mercury 
and  render  alkaline  with  enough  caustic  soda  to  cause  an  alkaline  reaction 
after  standing  for  half  an  hour.  Any  unchanged  lactone  is  thereby  converted 
to  the  sodium  salt  of  the  acid.  Neutralise  with  sulphuric  acid,  decolorise  by 
shaking  and  warming  with  animal  charcoal  and  filter.  Add  to  the  filtrate 
8  times  its  volume  of  absolute  alcohol,  shake  and  set  aside  for  12  hours. 
The  sodium  salts  of  the  organic  acids  are  thereby  pptd.  Filter  and  distil 
off  the  alcohol  from  a  water-bath.  The  remaining  aqueous  solution  is  evapor- 
ated (finally  on  a  water-bath)  to  crystallisation.  Filter  on  the  pump,*  wash 
with  50  %  alcohol  and  finally  with  absolute  alcohol. 

4.  Transformation  of  an  aldose  to  a  ketose. 
Scheme, — ^Aldose H)sazone H)sone ^^ketose. 

Olucose  to  fructose,    (a)  For  preparation  of  glucosazone  see  Chapter  IV. 

(6)  Hydrolysis  of  glucosazone  to  glucosone. — To  10  gms.  of  finely-powdered 
glucosazone  add  100  c.cs.  of  fuming  hydrochloric  acid.  The  mass  turns  dark 
red  and  the  same  colour  is  imparted  to  the  solution.  Add  an  equal  volume 
of  water,  warm  to  40°  and  shake  violently.  A  clear  solution  is  obtained  from 
which  phenyl-hydrazine  hydrochloride  will  crystallise  on  cooling.  Set  aside 
for  10  minutes,  filter,  cool  to  0°  and  remove  the  hydrochloric  acid  by  adding 
lead  carbonate.    Filter.    Use  the  solution  without  further  purification. 

CHjOH 

I  CHgOH 

(CHOH),  I 

I  (CH0H)3 

C  :  N .  NHCeHg  | 

I  +*JH20  =  C:0 

C  :  N .  NHCeHg  |  (glucosone)  +  2NH2 .  NHCeHg 

C:0 
H  I 

H 

(c)  Olucosone  to  fructose, — To  the  above  solution  add  an  equal  volume  of 
water  and  100  gms.  of  zinc  dust.  Shake  till  well  mixed,  add  30  gms.  of 
glacial  acetic  acid  and  he^t  to  100°  for  an  hour.  Ppt.  the  zinc  with  hydrogen 
sulphide  and  evaporate  the  filtrate  in  vacuo.  The  residue  is  taken  up  with, 
alcohol  and  filtered.    By  addition  of  ether  the  fructose  is  obtained  as  a  syrup, 

5.  The  reverse  process,  ketose — >aldose. 

(oxidation)       (reduction) 

Scheme, — Ketose >hexite >-lactone >aldose. 

Perform  each  step  by  the  methods  already  described  above. 
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Properties  of  the  more  common  carbohydrates. 

Arabinose,  Cfiiffl^. — 1.  Rhombic  prisms.  M.P.  of  arabinose,  159°. 
Soluble  in  water.  Solution  strongly  dextrorotatory.-  Soluble  in  90% 
alcohol,  but  not  very  soluble  in  absolute  alcohol.    Osazone  melts  at  159"^. 

Pentoses  generally. 

2.  Reduce  Fehling's  solution  and  ammoniacal  silver  oxide.  Turn  brown 
on  warming  with  alkali. 

3.  When  the  solution  is  distilled  with  an  equal  volume  of  strong  hydro- 
chloric acid,  furfuraldehyd  is  formed.  This  gives  a  red  colour  with  aniline 
acetate. 

Note, — Glucose,  maltose,  and,  to  a  small  extent  fructose,  also  give  this 
test. 

4.  To  a  few  c.cs.  of  a  saturated  solution  of  phloroglucinol  in  hydrochloric 
acid  of  S.G.  1-2  add  a  few  drops  of  the  pentose  solution.  A  bright  cherry-red 
colour  is  produced.    (Distinction  from  glucose  and  maltose.) 

Glucose  (CeHiaOe).— 1.  Crystallises  with  1  molecule  of  water  (M.P.  86°), 
or  anhydrous  from  alcohol  (M.P.  146°).  Usually  met. with  as  brownish  lumps. 
Fairly  sweet.    Solution  dextrorotatory. 

2.  On  heating  alone  it  chars.  Heated  with  sulphuric  acid  it  chars  slowly. 
Warmed  with  alkali  solution  it  gives  a  yellow  colour  changing  to  brown  on 
boiling.    (Cf.  Sucrose). 

3.  It  reduces  FehHng's  solution  and  gives  the  silver  mirror  test.  It  also 
reduces  Barfoed's  reagent.    (Of.  Maltose.) 

4.  It  gives  an  osazone  of  M.P.  204°. 

Galactose  (C^HijOe).— 1.  Hexagonal  plates,  M.P.  165°.  Less  soluble  than 
glucose. 

2.  Reduces  Fehling's  solution  and  ammoniacal  silver  oxide. 

3.  Its  osazone  melts  at  193°-194°. 

Fructose  (Laevuhse),  (CeH^Oe). — 1.  Crystalline  masses,  needles.  M.P. 
95°.  Soluble  in  water,  alcohol  and  a  mixture  of  alcohol  and  ether.  (Dis- 
tinction from  glucose.) 

2.  Readily  reduces  Fehling's  solution. 

3.  Its  osazone  is  identical  with  glucosazone. 

4.  With  a  strong  solution  of  hydrobromic  acid  in  dry  ether  it  gives  gradu- 
ally a  deep  purple  colour,  due  to  bromo-methyl-furfural, 

.  C4H,0(CH2Br)CHO. 

(Distinction  from  glucose.)    This  reaction  is  characteristic  of  ketoses. 

Maltose  (C12H22O11). — 1.  White  crystalline  solid.  Soluble  in  water, 
insoluble  in  absolute  alcohol.  Readily  chars  when  heated  alone  or  with 
sulphuric  acid. 

2.  With  alkalis  it  behaves  like  glucose. 

3.  With  Fehling's  solution,  etc.,  it  behaves  like  glucose. 

4.  It  does  not  reduce  a  solution  of  copper  acetate  with  a  little  acetic  acid 
(Barfoed's  reagent).    Difference  from  glucose. 

5.  Its  osazone  melts  at  190°-191°,  and  does  not  crystallise  till  reaction 
mixture  is  cooled. 
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Lactose  (milk  sugar),  O^^^^^n  •  H2O. — 1 .  Hard,  white  prisms.  Not  very 
sweet,  and  feel  "  gritty  "  in  the  mouth.  Soluble  in  water,  not  in  alcohol 
or  ether.    M.P.  203?-204^ 

2.  Chars  when  heated  alone  or  with  sulphuric  acid. 

3.  With  alkalis,  Fehling's  solution  and  Barfoed's  reagent  it  behaves 
similarly  to  maltose. 

4.  Its  osazone,  formed  only  after  cooling  and  standing  aside  the  reaction 
mixture,  melts  at  200®. 

Sucrose  (cane  sugar),  C12H22O11. — 1.  Monoclinic  crystals.  Very  sweet. 
Soluble  in  water,  not  in  alcohol  or  ether.    M.P.  160°. 

2.  Chars  readily  when  heated  alone  or  with  sulphuric  acid,  with  evolution 
of  carbon  and  sulphur  dioxides. 

3.  No  action  with  alkalis,  Fehling's  or  Barfoed's  reagents. 

4.  After  "  inversion,"  brought  about  by  heating  for  some  time  with  dilute 
acid,  it  gives  all  the  tests  mentioned  in  3. 

CiaHjaOn  +  H,0 ^CeHiA)  +  CeHjA- 

(gluooee)       (fructose) 

5.  No  osazone  is  obtained  unless  the  action  is  much  prolonged,  when  inver- 
sion will  take  place. 

Starch  (CeHio06)a;. — 1.  White  tasteless  powder.  Insoluble  in  cold  water, 
forms  an  opalescent  solution  with  boiling  water.  Filtered  and  pptd.  with 
alcohol  the  so-called  "  soluble  starch  "  is  obtained.  Examined  under  the 
microscope  the  grains  have  characteristic  appearances  according  to  their 
source.  Examine  and  remember  the  appearance  of  rice,  potato,  wheat  and 
rye  starch. 

2.  Heated  to  above  110**  it  gives  dextrin,  soluble  in  water  (see  below). 

3.  Treated  with  a  drop  of  iodine  solution  in  potassiimi  iodide  an  intense 
blue  colour  is  obtained.  This  disappears  on  heating  and  reappears  on  cooling 
the  solution. 

4.  Boiled  with  dilute  sulphuric  or  hydrochloric  acid  it  gives  glucose, 
which  may  be  tested  for. 

Dextrin  (British  gum),  CeHjoOg. — 1.  White  powder,  forming  a  gummy 
solution  with  water. 

2.  Dextrin  occurs  in  several  varieties,  of  which  the  two  chief  ones  are 
amylo-dextrin  or  soluble  starch,  giving  a  blue  colour,  and  erythro-dextrin, 
giving  a  red  colour,  with  iodine  solution  in  potassiimi  iodide.  The  latter 
reduces  Fehling's  solution. 

CeUnlose  (CeHio05)x. — 1.  Chief  constituent  of  cell- walls  of  all  plants. 
It  occurs  in  a  variety  of  forms.  Those  best  known  are  pure  filter-paper  and 
cotton-wool. 

^  2.  It  is  soluble  in  ammoniacal  copper  hydroxide  solution  and  in  other 
reagent?.    Acids  ppt.  it  from  the  first-named  solvent. 

3.  It  gives  no  blue  colour  with  iodine  alone,  but  it  does  with  Schultze's 
reagent  (concentrated  zinc  chloride  containing  some  potassium  iodide  and 
iodine). 

4.  Grind  in  a  mortar  with  a  few  drops  of  strong  sulphuric  acid.  Dilute 
largely  and  boil.  Various  substances  are  obtained,  amongst  which  glucose 
may  readily  be  recognised  by  Fehling's  test,  etc. 
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CHAPTER  XIV. 

SYNTHESES  FROM  ACETO-ACETIC  AND  MALONIC  ESTEBS. 

1.  Preparation  of  aoeto-aoetic  ester  (Conrad,  A.  I869  214). — ^Dry  some 
ethyl  acetate  (250  gms.)  by  (a)  shaking  with  a  saturated  solution  of  calcium 
chloride  (removes  any  alcohol  and  acetic  acid) ;  (6)  standing  overnight  with 
fused  calcium  chloride  and  distilling  after  filtering.  To  200  gms.  of  the  dry 
ester  add  20  gms.  of  sodium  in  small  pieces^*  a  few  at  a  time,  with  cooling. 
Boil  gently  on  a  water-bath  (reflux)  for  2\  hours,  till  the  sodium  has  entirely 
dissolved.  Whilst  still  warm  add  110  gms.  of  50  %  acetic  acid  and  shake. 
Then  add  200  c.cs.  of  saturated  brine  and  shake  again.  Separate  the  upper 
layer,  wash  it  with  a  little  water  and  distil  with  a  free  flame  and  wire  gauze. 
At  95^  discontinue  and  subject  the  residue  to  distillation  under  reduced 
pressure.    At  a  pressure  of  18  mm.  the  B.P.  is  79**  (Gattermann). 

(From  the  distillate  below  95**  at  ordinary  pressure  the  unchanged  ethyl 
acetate  may  be  recovered  in  the  usual  way.) 

Properties.— \.  Liquid.    B.P.  ISr.    S.G.  1-025  at  20°. 

2.  It  reacts  with  sodium,  giving  derivatives  in  which  the  sodium  will  react 
with  halogen  in  almost  any  organic  compound.  The  products  can  be  hydro- 
lysed  at  will  to  ketones  or  acids,  as  described  below.  For  other  reactions  con- 
sult a  theoretical  text-book.  Below  are  outlined  the  ketone  and  acid  syntheses. 

Preparation  of  the  sodium  derivative  of  aceto-acetic  ester, — 10  gms.  of  sodium 
are  dissolved  in  100  gms.  of  absolute  alcohol.  An  equal  volume  of  anhydrous 
ether  (dried  and  distilled  from  sodium)  is  now  added,  and  then  a  mixture 
of  56*5  gms.  of  aceto-acetic  ester  and  56*5  gnjs.  of  anhydrous  ether.  It  is 
not  usual  to  isolate  the  sodium  compound,  but  the  mixture  is  used  in  the 
required  synthesis  without  further  treatment.  The  calculated  quantity  of 
alkyl  or  other  halide  is  added,  the  ppt.  of  sodium  chloride,  etc.,  filtered  off, 
and  the  resulting  ester  may  be : 

(1)  Treated  with  another  atom  of  sodium  followed  by  another  molecule 
of  halide. 

(2)  Hydrolysed  by  cold  dilute  alkali,  when  the  free  acid  (sodium  salt)  is 
obtained,  which  on  heating  gives  a  ketone. 

(3)  Hydrolysed  by  hot  concentrated  alcoholic  alkali,  when  a  substituted 
acetic  acid  is  obtained. 

The  scheme  is  outlined  below. 

CH3 .  CO .  CHa .  COOEt  +  NaOEt  =  CH3 .  CO .  CHNa .  COOEt  +  EtOH. 
CHs .  CO .  CHNa .  COOEt  +  IC^Hj  =  Nal  +  CH, .  CO .  CH .  COOEt 

Et 
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The  other  hydrogen  atom  may  then  be  similarly  replaced. 
Hydrolysis  (2)  above  may  be  formulate  thus  : 

CHa .  CO.  CH .  COOEt  +  H,0  =  CH3 .  CO .  CH .  COOH  +  EtOH. 
Et  Et 

This  acid  on  heating  evolves  COg  thus,  and  leaves  the  desired  ketone  : 

CH, .  CO .  CH .  |C00  H yCOa  +  CH, .  CO .  CHjj .  C^H^. 

Et 

Thus  any  ketone  of  which  one  of  the  groups  attached  to  -  CO  -  is  methyl 
may  be  prepared. 

Hydrolysis  (3  )  above  is  as  follows  : 

CHa.  CO.  CH.  COOEt 


i  Et. 
HOH  H 


= CH3COOH  +  Et .  CH, .  COOH  +  EtOH. 
OH 


Thus  any  fatty  monocarboxylic  acid  may  be  prepared. 

By  condensing  with  a  chlorine-substituted  ester  any  dibasic  acid  may  be 
prepared,  e.g. 

HOIH  HOH 

CHg.COiCH.CO.OlEt 

CHa 
•   HOH 
COOEt 

hydrolyses  as  indicated. 

2.  Syntheses  with  malonic  ester. — The  reactions  are  very  similar  to  those 
with  aceto-acetic  ester. 

(a)  Preparation  of  maUmic  ester  (Venables,  Claisen,  A.  218,  131).  See 
Chapter  XL,  p.  338. 

(6)  Preparation  of  the  sitbstitiUed  ester^  via  the  sodium  compound.  Ethyl 
malonic  ester. — Into  50  gms.  of  absolute  alcohol  in  a  small  flask  fitted  with  a 
reflux  drop  gradually  4-6  gms.  of  sodium  in  small  pieces.  Cool,  add  little  by 
little  32  gms.  of  malonic  ester,  shake  well  and  then  add  40  gms.  of  ethyl  iodide. 
Heat  on  the  water-bath  till  the  alkaline  reaction  disappears '(1-2  hours). 
Distil  ofl  the  alcohol  on  a  water-bath,  just  dissolve  the  residue  in  water, 
extract  with  ether  and  fractionate  the  ethereal  solution.  Ethyl  malonic 
ester  boils  at  207°. 

(c)  Hydrolysis  of  the  ester. — To  15  gms.  of  ethyl  malonic  ester,  in  a  flask 
with  a  reflux,  add  gradually  through  the  reflux  a  cooled  solution  of  20  gms. 
of  potash  in  30  gms.  of  water.  The  whole  sets  to  a  solid  mass,  which  is  heated 
on  a  water-bath.  A  violent  reaction  ensues.  Continue  the  heating  till  all 
oily  drops  disappear. 

(d)  Preparation  of  ethyl  malonic  add. — Cool  the  above  solution,  dilute 
it  with  50  CCS.  of  water  and  add  just  enough  strong  hydrochloric  acid  to  make 
the  solution  acid.  Extract  twice  with  ether,  dry  with  anhydrous  sodium 
sidphate,  distil  off  the  ether  on  the  water-bath.  Carefully  warm  the  residue 
on  the  water-bath  till  it  solidifies.    Cool  and  dry  with  filter-paper. 
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(e)  Preparation  of  butyric  add. — Place  the  ethyl  malonic  acid  in  a  distilling 
flask  and  attach  the  side  tube  ta  an  air  condenser.  Arrange  so  that  the 
condenser  slopes  upwards  and  acts  as  a  reflux.  Fit  the  flask  with  a  cork 
and  a  thermometer  and  heat  on  an  oil-bath  or  fusible  metal  bath  to  180**. 
When  the  evolution  of  carbon  dioxide  has  ceased,  distil  in  the  usual  way  and 
collect  the  portion  160''-164°. 

COOEt  COOEt  COOEt  COOH. 

CHj       >CHNa  >CH.Et — >CH.Et 

COOEt  COOEt  COOEt  COOH. 

and  then  JCOO  H 

CH .  Et >  CO,  +  EtCH, .  COOH. 

COOH. 
Thus  any  substituted  malonic  acid  or  any  acid  of  the  monocarboxyl  fatty 
series  may  be  synthesised.    Malonic  acid  itself  when  heated  gives  acetic  acid. 
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CHAPTER  XV. 

SYNTHESES  BT  THE  USE  OF  OBIONABD'S  REAGENT. 

All  alkyl  halides  react  with  magnesium  in  dry  ether  and  form  compounds 
of  the  type  R .  Mg .  I  (Grignard,  G.R.  180,  1322  (1900) ;  132,  336  (1901). 

Preparation  of  the  reagent.  (The  ether  mtist  have  been  dried  over  and 
distiUed'fram  sodium,) — Mix  36  gms.  of  methyl  iodide  and  50  c.cs.  of  absolute 
ether.  Add  20  c.cs.  of  this  mixture  to  6  gms.  of  clean  magnesium  ribbon 
or  filings  in  a  dry  250  c.c.  flask  fitted  with  a  reflux.  If  the  reaction  does  not 
commence  add  a  trace  of  iodine.  When  it  is  complete  add  50  c.cs.  of  dry 
ether,  then  the  rest  of  the  iodide  ether  mixture  very  slowly.  Boil  the  whole 
for  half  an  hour  (water-bath),  and  if  the  magnesium  has  not  all  dissolved  add 
a  few  drops  of  methyl  iodide. 

If  an  aromatic  halide  is  used  the  reaction  is  much  slower. 

According  to  Baeyer  and  Villiger,  a  compound  of  the  type 

R.Mg.I  +  (C,H5),0 
is  formed. 

Tschelinzett  {B,  87,  4539  (1904)  recommends  the  use  of  absolute  benzol 
instead  of  ether.  The  mixture  is  heated  on  the  water-bath  as  above.  When 
the  reaction  starts  allow  it  to  proceed  to  the  end.  (Iodine  assists  the  reaction.) 
Afterwards  a  little  ether  is  added.  A  guard  tube  of  calcium  chloride  on  the 
top  of  the  reflux  prevents  access  of  moisture. 

The  foUowing'^reactions  may  be  carried  out  with  the  reagent : 

Treated  with  an  aldehyd  and  the  product  hydrolysed >►  2'^^  alcohol. 

„  „         ketone        „  „  „  3^^  alcohol. 

"  "        S'chloride}.        »  »  »'''^-^«^- 

„  „         halide         „  „  „  hydrocarbon. 

In  addition  we  shall  describe 
Synthesis  of  carboxylic  acids. 
Additive  compounds  with  1  (Kohler,  Am.  Gh.  J.,  1905  (88),  153,  333 ; 

unsaturated  ketones.       j         (84)  132. 
Reformatsky's  reaction. 
This  by  no  means  exhausts  the  list  of  reactions  of  this  most  versatile 
reagent.    For  complete  references  see  Ann.  Rep.  each  year  under  "  Grignard's 
reaction." 

1.  Preparation  of  a  2^  alcohol  from  an  aldehyd.  Phenyl  methyl  carbinol, 
CeH5)(CH8)CH .  OH.— The  reagent  prepared  as  described  is  cooled  with  ice 

350 


Digitized  by 


Google 


SYNTHESES  BY  THE  USE  OF  GRIGNARD'S  REAGENT         351 

and  a  solution  of  26  gms.  of  benzaldehyd  in  its  own  volume  of  absolute  ether 
is  added  slowly  through  the  reflux  with  constant  shaking.  Stand  overnight 
(calcium  chloride  tube  on  condenser  I)  and  next  morning  add  dilute  hydro- 
chloric acid  with  constant  cooling  in  water  till  the  whole  of  the  solid  matter 
has  gone  into  solution.  Remove  the  ethereal  layer,  extract  again  with  ether 
and  mix  the  two  extracts,  which  are  washed  in  succession  with  (1)  sodium 
bicarbonate  solution  ;  (2)  sodium  bisidphite  solution ;  (3)  sodium  bicarbonate 
again.  It  is  then  dehydrated  by  standing  with  anhydrous  sodium  sulphate, 
the  ether  distilled  off  and  the  carbinol  distilled  under  reduced  pressure.  The 
boiling  point  at  15  mm.  is  100°,  and  the  jdeld  70  %  of  theory. 
The  reactions  may  be  formidated  thus  : 

C,H. .  CC     +  CH.Mgl  — y  C,H. .  C^OMgl,  which  +  HCl 
►  C-H. .  C  A)H  +  MglCl. 

In  an  exactly  similar  manner  beniliydrol,  C,HgC^OH  may  be  made 

from  3  gms.  of  magnesium,  19*6^  gms.  of  brom-benzene,  50  c.cs.  of  ether  and 
13  gms.  of  benzaldehyd  in  30  c.cs.  of  ether.  It  is  a  crystalline  mass,  M.P. 
68°.    Yield,  70  %  of  theory. 

Using  chloral  and  methyl  iodide,  tri-chlor-2"'  propyl  alcohol  is  obtained. 
M.P.  49  •  2°  ;  B.P.  150°-160°. 

2.  Preparation  of  a  8*^  alcohol  from  a  ketone.  3*^  butyl  alcohol  from 
acetone, — Prepare  just  as  in  1,  from  4-8  gms.  of  magnesium,  29  gms.  of  methyl 
iodide,  50  c.cs.  of  absolute  ether,  and  with  ice-cooling  drop  in  12  gms.  of 
acetone  in  20  gms.  of  ether.  Every  drop  causes  a  ppt.  which  quickly  dissolves ; 
finally  a  green-grey  mass  collects  at  the  bottom  of  the  flask.  Leave  overnight^ 
then  shake  with  small  pieces  of  ice  and  add  33  %  acetic  acid  till  the  ppt.  is 
all  dissolved.  Separate  the  two  layers,  distil  ofl  the  ether  and  add  the  alcohol 
to  the  mother-liqifor  again.  Now  distil  in  steam  until  the  distillate  no  longer 
becomes  cloudy  on  adding  potassium  carbonate.  Then  salt  out  with  potassium 
carbonate,  remove  the  oily  layer,  dry  with  fused  potassium  carbonate  and 
redistil  from  a  water-bath.  Allow  the  distillate  to  stand  48  hours  with 
barium  oxide,  and  distil  from  this.    B.P.  79**-82'*. 

3.  Preparation  of  8*^  alcohol  from  an  ester  or  acid  chloride  (Grignard, 
C.K  182,  336  (1901) ).  Di-phenyl-tolyl-carhinol  from  m-toluic  methyl  ester. — 
39*3  gms.  of  m-toluic  acid  methyl  ester  are  added  to  12-6  gms.  of  magnesium, 
88-2  gms.  of  brom-benzene  and  a  trace  of  iodine  in  ether  solution  as  before. 
The  ester  is  added  dropwise  in  the  cold.  Warm  to  complete  the  reaction, 
add  dilute  sulphuric  as  before,  remove  the  ethereal  layer  and  distil  off  the 
ether ;  the  unchanged  brom-benzene  and  ester  are  removed  by  distilling  in 
steam  till  no  more  oily  drops  come  over,  and  the  residue  recrystallised  from 
benzene.    Yield,  80  %  of  theory. 
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Scheme: 

/^\-CH,  /\ 


\y 


—C' 


CH, 
/OCH3  +  CeH^MgEr >  /C^Hj 


-C^OMgBr  +  Mg(OCH,)Br 


^0        +C,H5MgBr  Y       XHj 

I 

; 

A-GH, 

/CjHs 
I     J-CfOH    +MgSO«  +  HBr 

^^     Xh. 

4.  Preparation  of  a  hydrocarbon  (Benzene  series). — The  magnesium,  ether 
and  aryl  bromide  are  mixed  as  before.  When  the  magnesium  has  dissolved 
add  the  theoretical  quantity  of  methyl  (ethyl)  sulphate  or  iodide  in  dry  ether. 
When  the  action  is  over,  pour  on  to  ice,  distil  ofi  the  ether  and  steam-distil 
the  residue.    Yield,  70  %  of  theory.    (Werner  and  Zilkins,  B.  1903,  86,  21 16.) 

CeHjMgBr +  IC,H5=CeH5 .  C^H^  +  MgBrI. 
(ethyl-benzene) 

5.  Synthesis  of  a  oarboxylic  acid  (Qrignard,  B.  85,  2519).  Benzoic  acid 
from  iodO'benzene. — 2-4  gms.  of  magnesium  ribbon,  20*4  gms.  of  iodo-benzene, 
40  gms.  of  absolute  ether  are  mixed  as  before.  Cool  and  saturate  with  a  rapid 
stream  of  carbon  dioxide  for  3  hours.  The  carbon  dioxide  must  be  dried  by 
at  least  two  Woulff's  bottles  of  strong  sulphuric  acid,  or,  better,  by  a  tower 
filled  with  glass  beads  moistened  with  the  acid. 

Then  add  some  ice  and  a  mixture  of  15  c.es.  of  strong  hydrochloric  acid 
and  15  c.cs.  of  water.  Extract  with  ether  (3  times),  shake  the  ether  extract 
with  alkali  *and  ppt.  the  benzoic  acid  from  this  by  acidifying  with  hydrochloric 
acid.    Yield,  10-11  gms. 

CHsMgl  +  CO, >  CeHj .  cf  > 

^OMgl 

CeHjCf        +MgICl. 

6.  Reformatsky's  reaction  (Perkin,  J.C.S.,  1896,  69,  1^2),— Synthesis  o 
an  oxyadd. 

(CH3),C0  +  CHs .  CHBr .  CO .  OC^Hj  +  Mg. 

/OMgBr  /OH 

/  ^  (CHs), .  CM:JH  .  COOC2H5. 


(CH,)aC< 

^CH(CH,).COOCaH| 


6  CH 


8 


90  gms.  of  acetone,  182  gms.  of  ethyl-a-bromo-propionate  are  mixed  in  a 
flask  fitted  with  a  reflux,  and  magnesium  ribbon  added.  Warm  on  a  water- 
bath.  A  brisk  action  ensues.  Cool.  Add  more  magnesium  as  the  reaction 
subsides,  and  continue  as  before  till  some  magnesium  remains  undissolved. 
Heat  on  a  water-bath  for  3  hours  and  treat  the  product  with  water  and  dilute 
sulphuric  acid  as  before.  Extract  the  ester  with  ether,  distil  off  the  ether  and 
distil  under  reduced  pressure. 
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PART  III. 
PREPARATIONS  IN  THE  AROMATIC  SERIES. 

CHAPTER  I. 
ACTION  OF  HALOGENS. 

Under  difEerent  conditions  chlorine  acts  on  benzene  in  three  ways. 

(1)  Addition       -    3  molecules,  add  to  1  molecule  of  benzene. 

(2)  Substitution  [^^^  BoiUng,  in  sunlight,  in  the  side-cUin. 

\{h)  In  the  dark  with  a  catalyst  (halogen-carrier)  in  the 
nucleus. 

1.  Preparation  of  the  addition  products,  CeH^ .  Cl«  (a  and  fi  forms),  a  or 
<ran5-derivative  (Matthews,  Soc,,  69,  166.)— Pass  chlorine  into  a  mixture  of 
benzene  and  1  %  caustic  soda  to  saturation.  Leave  overnight.  Filter  on  the 
pump.    Add  warm  water  to  the  crystals  and  distil  them  in  steam. 

The  a-derivative  only  goes  over  and  crystallises  in  the  receiver. 
Properties,— I,  Monoclinic  crystals.    M.P.  \bV  ;  B.P.  288^. 

2.  On  keeping  they  are  transformed  to  hydrochloric  acid  and  1-2-4-  tri- 
chlor-benzene. 

^  or  ct^-derivative  is  obtained  by  passing  chlorine  into  a  solution  of  benzene 
in  chloroform.    It  melts  and  sublimes  at  310°. 

Substitution  of  halogen  in  the  nucleus. 

2.  Preparation  of  chloro-benzene  (Beilstein,  B.  1896,  ii.  43). — Fit  up  an 
apparatus  as  for  the  chlorination  of  (tcetic  acid,  Fig.  98^,  p.  332.  Put  50  gms. 
of  benzene  in  the  retort  and  add  a  little  molybdenum  pentachloride,  iodine, 
or  aluminium-mercury  couple  (made  by  treating  aluminium  foil  clippings  with 
mercuric  chloride  solution  and  washing  with  water,  alcohol  and  drying). 
Weigh  the  retort  and  its  contents. 

Dry  chlorine  is  passed  into  the  cold  benzene  through  a  tube  fitted  to  the 
tubulus  of  the  retort,  until  there  is  an  increase  in  weight  of  22  gms.  Then 
stop,  shake  the  product  in  a  separating  funnel  with  dilute  caustic  soda  till 
free  from  hydrochloric  acid  and  distil.    Collect  the  fraction  130°-135°. 

Properties,— \.  Colourless  liquid.    B.P.  132"* ;  S.G.  M2  at  0^. 
•2.  The  chlorine  is  inert  and  does  not  react  with  reagents  as  does  chlorine 
in  an  alkyl  group. 
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Note, — By  similarly  chlorinating  toluene,  o-  and  p-chlor-toluene  can  be 
obtained.  (Htibner,  B,  6,  790 ;  Seelig,  A.  287, 152.)  Separate  by  fractiona- 
tion.   B.P's.  oftAo-derivative,  156** ;  para-^  163**. 

3.  Preparation  of  bromo-benBena. — ^A  flask  is  fitted  with  a  tap-funnel  and 
a  reflux  condenser  to  which  is  attached  a  tube  terminating  with  a  funnel  in 
a  vessel  of  alkali  as  in  the  previous  preparation,  to  absorb  the  hydrobromic 
acid  evolved.  The  benzene  is  placed  in  the  flask  and  some  iron  filings  added 
as  a  carrier.  Add  the  correct  amount  of  bromine  gradually  from  the  tap- 
funnel  ;  then  warm  on  a  water-bath,  shake  with  caustic  soda  solution  and 
distil  in  steam.  Collect  as  long  as  oily  drops  which  sink  come  over  (those 
which  float  are  unchanged  benzene).  Separate,  dry  with  calcium  chloride 
and  rectify.    B.P.  150M60^ 

Subftitution  by  halogen  in  the  side-chain. 

4.  Preparation  of  Bensyrchloride,  CJEL^.CHJBi  (Cannizzaro,  A,  Ch.  (3), 
45,  768 ;  Beilstein,  A,  139,  337). — Set  up  an  apparatus  similar  to  that  for 
preparing  chlorobenzene,  but  with  a  wire  gauze  under  the  retort.  Pass  dry 
chlorine  into  50  gms.  of  boiling  toluene  to  which  2  gms.  of  phosphorus  penta- 
chloride  have  been  added,  until  the  mixture  has  increased  in  weight  by  19  gms. 
Then  fractionate,  collecting  separately  the  portion  165**-188**.  Refntctionate 
this,  collecting  the  portion  176**-!  80**.  Yield,  about  80  %  of  the  toluene  used. 
The  phosphorus  pentachloride  hastens  the  reaction,  which  should  be  carried 
out  in  sunlight  if  possible. 

Propertiw.— Pungent-smelling  liquid.  B.P.  177^-178° ;  S.G.  -945.  Avoid 
getting  it  on  the  hands.  This  applies  to  all  these  halogen  derivatives.  A 
painful  burning  sensation  is  felt  for  some  time  after  contact  with  them. 

5.  Preparation  of  benzal  chloride,  CJ^C&Ci^  (Colson  Oautier,  A,  Ch,  (6), 
11,  21). — Continue  the  previous  preparation  to  a  76  %  increase  in  the  weight 
of  toluene  taken.  Proceed  as  before,  collecting  the  fraction  at  190^-220^  and 
refractionating  at  210^-214*'. 

Properties.— Liquid.  B.P.  212^-214"^ ;  S.G.  1*295  at  W.  Can  be  hydro- 
lysed  to  benzaldehyd. 

6.  Preparation  of  Benzo-trichloride,  CJEL^.CCLi  (Limpricht,  A.  185,  50; 
189,  323). — ^As  before,  to  an  increase  of  114%  of  the  weight  of  toluene. 
Fractionate  and  collect  the  portion  212°-215®. 

Properties.— Liquid.    B.P.  213°-214*'.    Easily  hydrolysed  to  benzoic  atid. 
lodo-bensMne  must -be  made  indirectly  (p.  369). 
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CHAPTER  II. 

SYHTHESES  OF  BENZENE  H0M0L00UE8. 

1.  Fitiig's  syniheBis  of  a  hydrocarbon. 

Ethyl  Benzene  (Tollitis,  Fittig,  A,  181,  310). 
2*7  Propyl  Benzene  (Jacobsen,  £.  8, 1260). 

This  is  similar  to  the  Wnrtz  reaction  for  the  synthesis  of  paraffin  homologues. 
In  a  flask  connected  with  a  reflux  condenser,  and  standing  in  an  ice-bath, 
place  80  c.cs.  of  sodium-dried  ether  and  add  40  gms.  of  bromobenzene  and 
36  gms.  of  ethyl  bromide  or  40  gms.  of  2*^  propyl  bromide.  Then  through 
the  reflux  add  20  gms.  of  sodium  in  thin  slices,  a  Uttle  at  a  time.  Then  warm 
for  10  minutes  till  the  sodium  has  ceased  to  react,  stand  overnight  and  decant 
the  liquid  from  the  blue  mass  that  is  left.  Throw  this  residtie  away  out  of  doors. 
Distil  the  ethereal  solution  on  the  water-bath,  and  when  the  ether  has 
evaporated,  fractionate  the  residue  and  collect.*  B.P.  ethyl  benzene  at  134^ ; 
2'^  propyl  benzene  at  152''-153^. 

2.  Friedel  and  Graft's  method. 

CeHe  +  CjHjBr-HBr  +  CeHj.  C^5 

under  the  influence  of  anhydrous  aluminium  chloride. 

Connect  a  dry  distillii^  flask  to  a  condenser.  Arrange  so  that  the  con- 
denser slopes  upwards  and  from  the  end  of  it  lead  a  tube  which  dips  into  a 
flask  containing  water,  which  is  weighed  and  guarded  with  a  horizontal  calcium 
chloride  tube. 

Four  or  five  times  the  theoretical  amount  of  the  benzene  hydrocarbon  is 
introduced,  followed  by  the  alkyl  halide  (theoretical  quantity  desired).  Intro- 
duce now  about  15  gms.  of  finely-powdered*  anhydrous  aluminium  chloride. 
Cork  the  flask.  If  the  reaction  does  not  start,  warm  gently  till  it  does.  When 
it  slackens,  add  more  aluminium  chloride  until  the  amount  of  hydrogen  halide 
evolved  and  collected  in  the  weighed  flask  of  water  is  that  demanded  by 
theory.  Then  cool  and  pour  the  mixture  into  excess  of  dilute  hydrochloric 
acid,  separate  the  supernatant  hydrocarbon,  wash  with  water  and  dry  over 
calcium  chloride.    Rectify. 

The  yield  is  about  90  %  of  the  desired  hydrocarbon,  but  di-substit^tion 
products  are  also  produced. 

Try  7  parts  of  ethyl  bromide,  12  of  benzene  and  1  of  aluminium  chloride. 
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CHAPTER  III. 

SULFHONATION. 

1.  Preparation  of  benaene  sulphonic  acid  and  its  salts. 

Mitscherlich,  Fogg  Ann,  81,  283,  631. 
Gattennann,  B,  (1891)  [24],  2121. 

There  are  several  methods  of  sulphonation.  The  aim  of  the  refinements 
is  to  shorten  the  time  required. 

(a)  By  concentrated  sulphuric  acid, — Heat  on  a  sand-bath  in  a  600  c.c. 
flask  connected  with  a  reflux,  a  mixture  of  equal  volumes  of  benzene  and  of 
pure  sulphuric  acid,  S.G.  1*84,  till  the  benzene  has  gone  into  solution.  At 
least  a  day  will  be  required. 

(6)  By  fuming  sulphuric  acid,— In  a  flask  connected  with  a  reflux,  place 
100-150  gms.  of  fuming  sulphuric  acid  of  S.G.  1*88-9,  corresponding  to  5-8  % 
excess  of  anhydride.  Add  gradually  through  the  reflux,  with  constant 
shaking,  30-40  gms.  of  benzene.  Cool  well,  and  let  each  portion  dissolve 
before  adding  the  next.  About  15  minutes  will  be  required.  If  the  benzene 
refuses  to  dissolve,  warm  to  40*'-50®. 

(c)  By  the  aid  of  porous  material  (intimate  mixture). — ^60  gms.  of  benzene 
and  250  gms.  of  pure  sulphuric  acid  are  made  into  a  stiff  paste  with  kieselgiihr. 
Leave  for  24  hours  and  then  mix  with  two  litres  of  water  by  adding  the  paste 
in  small  quantities  to  the  water. 

Whichever  of  the  above  methods  is  used,  the  solution  is  next  treated  either 
for  the  sodium,  calcium  or  barium  salt. 

(i)  To  obtain  the  sodium  salt,  add  the  solution  slowly  through  a  separating 
funnel  to  four  times  its  volume  of  a  saturated  salt  solution  contained  in  a  large 
ice-cooled  beaker.  The  sodium  benzene  sulphonate  separates  gradually  in 
leaflets  and  the  crystallisation  is  hastened  by  nibbing  the  sides  of  the  beaker 
with  a  glass-rod.  Filter  at  the  pump,  wash  with  brine,  press  between  filter- 
paper  and  dry  at  110^.    Recrystallise  from  absolute  alcohol. 

Note,  A  by-product,  sulphobenzite,  ^G|H,)^0«,  is  also  formed.  This  may  be  ex- 
tracted from  the  crude  salt  with  warm  ether.    Crystals.     M.P.  129**. 

(ii)  To  obtain  the  alkali-edrth  salt,  pour  the  reaction  mixture  into  600  c.cs. 
of  water  and  neutralise  it  whilst  hot  with  a  paste  of  the  required  carbonate 
and  water.    Filter  hot,  evaporate  halfway  and  cool. 

(iii)  If  the  free  acid  is  required,  add  to  a  hot  solution  of  a  weighed  quantity 
of  the  barium  salt  the  calculated  quantity  of  dilute  sulphuric  acid.  Filter. 
Evaporate  to  a  small  bulk  and  allow  to  crystallise. 
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PropeHies.-^l.  White  deliquescent  solid.    M.P.  IW  C. 

2.  Strong  acid.  Heated  with  soda-lime  it  gives  the  characteristic  smell 
of  phenol,  which  is  manufactured  in  this  way  from  benzene. 

Note, — Homologues  of  benzene,  and  substitution  products,  are  sidphon- 
ated  far  more  easily  than  benzene  itself.  (See  naphthalene  and  phenol  sul- 
phonic  acids.) 

2.  Derivatives  of  benaene  sulphonio  acid,  (i)  Benzene  stdphon-ckhride 
(Otto,  Z.  1866, 106). 

CeHg  .  SOjNa  +  POj  -  C^R^  .  SO,a  +  NaG  +  POCl,. 

Shake  together  in  a  dry  flask  in  the  fume-cupboard  the  above  quantities  of 
the  reagents,  adding  the  sodium  salt  gradually  to  the  chloride.  Warm  for 
20  minutes  on  a  water-bath.  Cool  and  pour  into  water.  The  chloride  separ- 
ates as  an  oil  (not  readily  acted  on  by  water).  Separate  and  distil  under 
reduced  pressure.    B.P.  120**  under  10  mm.,  246'*-247*'  at  ordinary  pressure. 

(ii)  Benzene  stdphonamide  (Gerhardt,  Chancel,  J,  1852,  434). — Rub 
together  in  a  mortar  1  c.c.  of  benzene  sulphonchloride  with  10-12  gms.  of 
powdered  ammonium  carbonate.  Heat  gently  in  a  basin  with  constant 
stirring  till  the  odour  of  the  chloride  has  gone.  Cool,  add  water,  filter  on  the 
pump,  wash  the  residue  with  water  and  crystallise  from  alcohol  by  dissolving 
and  then  adding  warm  water  till  turbidity  appears,  finally  allowing  to  cool 
M.P.  of  crystals,  156^ 

3.  Preparatioii  of  the  phenol  sulphonic  acids  (Kekul6,  Z.  1867,  199). — 
According  to  Crum  Brown  and  Gibson's  rule,  the  ortho  and  para  acids  will  be 
formed. 

Take  equal  quantities  of  phenol  and  concentrated  sidphuric  acid,  melt 
the  phenol  on  a  water-bath  and  add  it  to  the  acid  in  a  large  basin.  After 
about  an  hour  dilute  with  water  and  neutralise  with  white  lead.  Filter  from 
the  lead  sulphate  and  obtain  the  potassium  salts  by  adding  potassium  car- 
bonate. 

On  evaporating  to  crystallisation  the  ^^-salt  crystallises  first  in  water-free 
leaflets  ;  then  the  o-salt  in  e£9orescent  crystals  +iH20.  Separation  may  be 
effected  to  some  extent  by  spreading  out  and  picking  out  the  crystals  which 
e£9oresce. 

If  the  reaction  be  performed  at  110**  the  product  is  practically  all  the 
p-acid. 

4.  Sulphonation    of    an    amine.    StdphanUic   acid,    S08H<^        /^Bs 

(Gerhardt,  A.  (1846)  60,  312).— To  64  gms.  of  pure  sulphuric  acid  in  a  200  c.c. 
round-bottomed  flask  add  gradually  20  gms.  of  aniline  with  constant  shaking. 
Heat  for  4-5  hours  on  an  oil-bath  at  180"^  till  no  aniline  separates  from  a 
test  portion  when  diluted  and  made  alkaline  with  caustic  soda.  Cool  and 
pour  into  cold  water.  The  acid  separates  as  a  crystalline  mass.  Filter, 
wash  with  cold  water  and  recrystalUse  from  hot  water,  decolorising  with 
animal  charcoal  if  necessary.    Yield,  20-25  gms. 

Properties. — 1.  Colourless  crystals  +  H^O,  efSorescent.    M.P.  indefinite. 

2.  Diazotised  (q.v.)  and  added  to  a  drop  of  dimethyl-aniline,  a  thick 
yellowish  brown  ppt.  of  methyl  orange  is  obtained. 
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5.  Preparation  of  the  naphthalene  snlphonio  adds. 


/\/\ 


(a)       and 


SO,H 


VN/ 


SO,H 


iP) 


At  lower  temperatures  mainly  the  a  acid  is  formed,  at  higher  ones  the  ^. 
The  salts  of  the  P  acid  are  less  soluble  than  those  of  the  a,  and  may  be  separ- 
ated by  fractional  crystallisation. 

(i)  The  a  acid  (Merz,  B,  8,  196).— Heat  4  parts  of  naphthalene  with  3  of 
pure  sulphuric  acid  for  8-10  hours  at  80**.  Pour  into  12  times  its  volume  of 
warm  water  (care !).  Filter  from  free  naphthalene  and  neutralise  with  white 
lead  or  chalk  whilst  the  liquid  is  boiling.  Strain  through  a  cloth  before 
filtering.  Evaporate  to  crystallisation.  The  first  crop  of  crystals  will  be 
largely  the  i^-salt  (1  part  of  the  calcium  salt  is  soluble  in  76  of  water  at  10"*), 
the  next  crop  will  be  mainly  a  (1  in  16-5  of  water  at  10®).  It  may  be  freed 
from  i9-salt  by  warming  with  10-12  parts  of  alcohol,  filtering  from  the  insoluble 
j9-salt  and  crystallising. 

The  free  acid  is  obtained  as  for  benzene  sulphonic  acid.  M.P.  85^-90®. 
Or  the  lead  salt  may  be  dissolved  and  saturated  with  hydrogen  sulphide. 

(ii)  The  P  add  (ibid,). — 5  parts  of  naphthalene,  4  of  sulphuric  acid.  Heat 
for  8  hours  to  160**.    Proceed  as  before. 
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CHAPTER  IV. 

NITRATION. 

NiTBO -DERIVATIVES  of  benzene  and  its  homologues,  etc.,  form  the  basis  of 
many  modem  high  explosives.  Like  the  action  of  sulphuric  acid,  benzene 
itself  is  more  reluctant  to  react  than  its  homologues  and  derivatives. 

1.  Preparation  of  nitro-bensMne,  CeH5|l02. — ^Add  slowly  100  gms.  of  nitric 
acid,  S.G.  1*4,  to  150  gms.  (84  c.c.)  of  strong  sulphuric  acid  in  a  500  c.c.  flask. 
Shake  well,  cool  and  add  50  gms.  of  benzene,  a  few  c.cs.  at  a  time,  with  constant 
shaking.  Do  not  allow  the  temperature  of  the  mixture  to  rise  above  50^. 
When  the  benzene  is  all  added  (2K)-30  minutes)  heat  on  a  water-bath  for  half 
an  hour  with  a  vertical  tube  as  reflux  condenser.  Cool,  separate  the  upper 
layer  of  nitro-benzene  and  wash  in  the  separating  funnel  with  (1)  water ;  (2) 
dilute  sodium  carbonate  (the  nitro-benzene  is  the  lower  layer  when  washing). 
Stand  with  fused  calcium  chloride  till  turbidity  (water)  disappears.  Filter 
and  distil,  using  an  air  condenser.    Collect  at  205^-208°.    Yield,  60  gms. 

Properties. — ^Yellowish  liquid,  odour  of  bitter  almonds.  S.G.  1*21 ;  B.P. 
207^.    Insoluble  in  water. 

A  little  dinitrobenzene  formed  remains  in  the  distilling  flask. 

NO, 


2.  Preparation  of  m-dinitrobensMne. 


.NO, 


— ^May  be  made  from  benzene  by  using  more  nitric  acid  and  a   higher 
temperature,  but  is  more  conveniently  prepared  from  nitrobenzene. 

Heat  in  a  small  flask  fitted  with  a  vertical  tube  as  condenser,  a  mixture  of 
1  volume  of  strong  sulphuric  acid,  1  volume  of  nitrobenzene  and  1|  volumes 
of  strong  nitric  acid.  After  half  an  hour  at  100^  with  frequent  shaking,  cool 
and  pour  into  cold  water.  Filter  the  solid,  press  between  filter-paper,  dissolve 
in  hot  alcohol,  add  water  till  a  turbidity  appears,  and  set  aside.  Long  yellow 
needles.    M.P.  90^  ;  B.P.  304^ 

CH3  CH, 

/\NOa       /\ 


8.  Preparation  of  nitrotolnene. 


\y 


(Beilstein,  A.  155,  1.) 


NO, 

— To  50  gms.  of  toluene  in  a  flask  add  gradually  a  cooled  mixture  of  50  gms. 
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of  concentrated  nitric  acid  and  75  gms.  of  sulphuric  acid.  The  temperature 
should  be  kept  between  20°  and  30°.  Wash  the  product  with  water  then  with 
dilute  ammonia,  and  fractionate  under  reduced  pressure  with  the  aid  of  a 
fractionating  column.  When  about  40  %  has  distilled,  stop.  The  distillate 
is  chiefly  the  ariho-hody.  The  residue  on  cooling  in  ice  and  salt  deposits  the 
pure  para-hody.    The  distillate  is  again  fractionated. 

Properties.— Ortho,  Liquid.  B.P.  222°;  S.G.  1.168.  Para,  Solid. 
M.P.  52°  ;  B.P.  238°. 

4.  Preparation  of  phenyl-nitro-meihane,  CeHs.CHsNOa. — Instead  of  the 
nucleus  we  may  nitrate  the  side-chain  by  the  method  of  Konowalow  (B.  28, 
1865  (1895) ). 

Toluene  is  heated  in  a  bomb-tube  (like  that  for  the  Carius  halogen  deter- 
mination, q.v,)  for  5  hours  at  105°-108°  with  six  times  its  weight  of  dilute  nitric 
acid  of  S.G.  1  -075.  The  product  is  made  alkaline  with  caustic  potash,  extracted 
with  ether,  and  the  alkali  solution  left,  which  contains  the  phenyl-nitro- 
methane  salt,  is  treated  with  carbon  dioxide.  A  yellow  oil  settles  out,  which  is 
extracted  with  ether.  The  yield  is  50  %  of  theory.  Distil  in  a  vacuum  after 
evaporating  the  ether.    B.P.  of  pure  product,  141°  at  ordinary  pressure. 

5.  Preparation  of  nitranilines.^-The  ortho-  and  para-bodies  may  be  made 
by  nitrating  aniline,  first  protecting  the  amine  group  by  acylating  it. 

The  meta-body  is  obtained  by  partial  reduction  of  m-dinitrobenzene 
(see  under  Amines). 

(i)  O'Nitraniline  (Lellmann,  A.  221,  6). — Heat  50  gms.  of  acetanilide  with 
150  gms.  of  fuming  sulphuric  acid  for  half  an  hour  at  100°.  Cool  and  add  100 
gms.  of  92  %  sulphuric  acid.  Cool  to  0°  and  add  a  mixture  of  37  gms.  of 
63%  nitric  acid  and  an  equal  volume  of  sulphuric  acid.  Cautiously  add 
140  CCS.  of  water  and  heat  for  half  an  hour.  The  liquid  is  now  fractionally 
pptd.  by  (1)  500  c.cs.  of  water,  (2)  filtering,  (3)  adding  500  c.cs.  of  water, 
(4)  filtering,  (5)  adding  2  litres  of  water,  (6)  filtering. 

The  third  ppt.  is  pure  o-nitraniline  ;  the  first  two  may  be  extracted  with 
ether. 

Properties. — Orange-yellow  needles.    M.P.  71 .  5°. 

Ahemativdy. — Dissolve  45  gms.  of  aniline  in  22  gjns.  of  glacial  acetic  acid. 
Dissolve  23  gms.  of  nitric  acid,  S.G.  1*5,  and  1  gm.  of  urea  in  23  gms.  of  hot 
glacial  acetic  acid.  When  cold  add  the  acid  mixture  to  the  acetanilide  solu- 
tion and  leave  for  24  hours.  Ppt.  by  360  c.cs.  of  ice-cold  water  and  add  an 
ice-cold  mixture  of  1  volume  of  50%  potash  solution,  4  volumes  of  water, 
and  1  volume  of  alcohol.  Filter  and  wash  the  ppt.  with  the  above  mixture, 
then  with  water ;  p-nitro-acetanilide  remains  on  the  filter,  whilst  the  ortho- 
body  goes  into  solution.  After  standing  24  hours  the  ortho-hody  will  be 
hydrolysed  and  a  ppt.  of  o-nitraniline  falls. 

(ii)  p-Nitraniline. — Dissolve  50  gms.  of  acetanilide  in  50  gms.  of  hot 
glacial  acetic  acid.  Cool  and  mix  with  200  gms.  of  strong  sulphuric  acid. 
Cool  in  a  mixture  of  ice  and  salt  and  run  in,  with  constant  stirring,  a  mixture 
of  30  gms.  of  nitric  acid,  S.G.  1*48,  and  60  gms.  of  strong  sulphuric  acid.  On 
pouring  the  product  on  to  crushed  ice  the  ^-body  is  pptd.  Filter,  wash  and 
recrystallise  from  dilute  alcohol.  Yield  almost  theoretical.  The  product 
is  now  hydrolysed  by  dissolving  in  2 J  parts  of  strong  hydrochloric  acid,  and 
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render  alkaline  with  caustic  soda.  Cool  and  set  aside.  Filter  o£E  the 
^-nitraniline,  wash  and  recrystallise.    M.P.  147**. 

6.  Nitrophenols.  (i)  Preparation  of  o-  and  p-nitrophenol. — 50  gms.  of 
melted  phenol  are  added  gradually  to  70  c.cs.  of  nitric  acid  in  200  c.ca.  of  water 
in  a  large  round-bottomed  flask.  Shake  thoroughly  all  the  time.  On  standing, 
a  dark  tarry  oil  separates.  Stand  overnight,  separate  the  oil  and  -wash  with 
water.  Distil  in  steam.  The  o-body  is  carried  over,  the  p-body  remains 
behind.  If  the  condenser  tube  is  likely  to  be  stopped  up  by  crystals  condensing 
in  it,  allow  the  water  to  nm  out  for  a  few  moments.  Filter  the  distillate 
when  no  more  of  the  product  distils ;  dissolve  in  warm  alcohol,  add  water 
till  turbid,  and  set  aside  to  crystallise.  r    ' 

The  residue  is  extracted  repeatedly  with  boiling  water,  the  extracts  united, 
boiled  with  animal  charcoal  and 'filtered.  Allow  to  crystallise.  If  imable 
to  get  rid  of  a  little  tarry  matter,  dissolve  in  caustic  soda,  concentrate  till  the 
salt  crystallises,  redissolve  in  fresh  water  and  acidify  with  hydrochloric  acid. 

Properties. — Ortho.  Yellow  needles,  characteristic  smell.  M.P.  46°  ;  B.P. 
214''.     Easily  volatile  with  steam  ;  soluble  in  hot  water,  sparingly  in  cold. 

Para,  Should  be  colourless  crystals  (usually  slightly  yellow).  M.P.  114**. 
Easily  soluble  in  hot  water,  sparingly  in  cold. 

(ii)  m-Nitrophenol.  This  can  be  prepared  by  indirect  means  from  benzene 
through  m-dinitrobenzene  (p.  359),  m-nitraniUne  (p.  363),  then  diazotising 
the  amino  group  as  in  the  preparation  of  phenol  from  aniline  (p.  367).  Yellow 
crystals,  M.P.  96°. 

The  nitrophenols  give  crystalline  salts  with  alkali  metals,  and  are  far 
more  strongly  acidic  than  phenol  as  they  dissolve  in  alkali  carbonate  solutions. 
(See  p.  367.) 

OH 

nOj/NnOj 

(iii)  Preparation  of  Picric  Acid,  (Schmitt,  B,  2,  52.)— 

NOj 

Dissolve  20  gms.  of  phenol  in  20  gms.  of  strong  sulphuric  acid.  Add  this 
gradually  to  120  gms.  of  strong  nitric  acid  to  which  a  little  fuming  nitric  acid 
has  been  added.  When  all  is  added  heat  to  100°  for  2  hours.  Cool.  Dilute 
with  twice  its  volume  of  cold  water,  filter  off  the  product  at  the  pump,  wash 
with  a  little  cold  water  and  recrystallise  from  hot  water.    Yield,  25  gms. 

Properties, — 1.  Yellowish  prismatic  crystals.  M.P.  122*5°.  Explodes  on 
detonating. 

2.  Dissolved  in  soda  solution  the  sodium  salt  is  obtained,  which  is  a 
reagent  for  potassium  and  ammonium  salts. 

3.  With  benzene,  naphthalene,  anthracene,  etc.,  in  alcohol  solution,  beauti- 
fully crystalline  compoimds  are  obtained. 

4.  Some  of  the  picrates,  notably  that  of  lead,  are  highly  dangerous 
explosives. 


Digitized  by 


Google 


CHAPTER  V. 

BEDUCnON  OF  NITBO-COHPOnNDS. 

In  the  aromatic  series,  nitro-compoimds  form  the  starting-point  for  the 
preparation  of  many  importalit  nitrogen  derivatives. 

Reduction  in  neutral  solution  gives  phenyl-hydroxylamine  derivatives ; 
in  alkaline  solution  a  hydrazo,  -azo-  or  azoxy-body,  in  which  two  benzene 
nuclei  are  joined  through  a  chain  of  two  N  atoms.  Reduction  in  acid  solution 
gives  an  amine.    The  preparations  given  are  typical. 

Redaction  in  neutral  solution. 

1.  Preparation  of  phenyl-hydrozylamine,  CeHsNH.OH  (E.  Fischer,  Org, 
Prep.,  1905,  8). — Conduct  the  preparation  in  a  fume-cupboard.  Dissolve 
10  gms.  of  ammonium  chloride  in  500  c.cs.  of  water  and  add  20  gms.  of  freshly- 
distilled  nitro-benzene.  Place  the  mixture  in  a  large  beaker  surroimded  by 
cold  water.  Stir  with  a  mechanical  stirrer  and  add  gradually  during  |  hour, 
25-30  gms.  of  75  %  zinc  dust,  keeping  the  temperature  constantly  between 
14**-16®.  When  all  odour  of  nitro-benzene  has  gone,  filter  the  mixture  on  a 
BUchner  fimnel  and  wash  the  residue  with  300  c.cs.  of  warm  water  sucked 
through  very  gently.  The  filtrate  and  washings  are  treated  separately  with 
100  and  70  gms.  of  ^t  respectively,  and  the  pptd.  crystals  filtered  and  pressed. 
Use  for  the  preparation  of  nitroso-benzene. 

Recrystallise  a  little  from  benzene  for  the  tests. 

Properties. — 1.  Colourless  crystals.  M.P.  SI**.  Soluble  in  water;  very 
pungent  odour,  inducing  sneezing. 

2.  Reduces  Fehling's  solution. 

An  alternative  and  better  method  (Wislicenus,  B.  29,  494)  is  to  dissolve 
1  part  of  nitro-benzene  in  10  parts  of  ether,  and  add  1  part  of  freshly-made 
aluminium  amalgam  and  1  part  of  water.  Leave  for  10  minutes,  filter,  remove 
the  ether  and  the  body  is  thus  obtained  free  from  nitro-benzene  and  aniline. 
Recrystallise  as  before. 

Redaction  in  alkaline  solation. 
2.  Preparation  of  asozy-benzene,  C^Hg  —  N  —  N  —  C^Hg  (Zinin,  J.  pract. 

Ch,  (1)  36,  98  (1845) ).— Dissolve  20  gms.  of  clean  sodium  or  30  gms.  of  pure 
caustic  soda  in  200  gms.  of  methyl  alcohol  in  a  large  flask  with  a  reflux.    Add 
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30  gms.  of  nitro-benzene  and  heat  on  a  boiling  watei-bath  for  3-5  hours.  If 
crystals  of  sodium  formate  settle  out  they  may  cause^lumping ;  add  a  few  glass 
capillaries  if  this  occurs.  Distil  off  most  of  the  methyl  alcohol  on  the  water- 
bath  and  dilute  the  residue  with  water.  Pour  into  a  beaker  and  let  it  stand 
on  ice.  The  liquid  azoxy-benzene  soon'crystallises  unless  nitro-benzene  ia 
present,  in  which  case  the  latter  should  be  distilled  off  in  steam. 

Finally  filter  at  the  pump  and  press  the  crystals  between  filter-paper. 
Recrystallise  from  methyl  alcohol  or  Hgroin. 

Properties.— YeYLow  crystals.    M.P.  36**. 

Lob  performs  the  reduction  electrolytically.    (See  B.  88,  2332  (1900).) 

3.  Preparation  of  azo-benzene  (Mitscherlich,  A.  12,  311). — Carefully 
dry  1  part  of  azoxy-benzene  and  3  parts  of  coarse  iron  filings  in  a  steam-oven. 
Grind  together  in  a  mortar  and  distU  from  a  small  non-tubulated  retort.  Heat 
very  gently  at  first  with  a  moving  luminous  flame.  Gradually  increase  the 
heating  till  nothing  further  distils.  Wash  the  distillate  with  hydrochloric 
acid,  water,  and  press  the  crystals  on  a  porous  plate.  Recrystallise  from 
alcohol  or  ligroin. 

Pfoperiic^.— Red  crystals.    M.P.  68°  ;  B.P.  295^ 

4.  Preparation  of  hydraao-benzene,  CeH^ .  NH  -  NH .  CeHs.— (i)  May  be  made 
from  nitro-benzene  by  reducing  the  alcoholic  solution  with  zinc  dust  and 
caustic  soda  at  a  gentle  boil.  (Reflux.)  Distil  off  the  alcohol  and  separate 
from  the  zinc  by  carefully  neutralising  with  dilute  hydrochloric  acid 
(Schultz). 

(ii)  It  is  more  convenient  however  to  use  azo-benzene.  Dissolve  5  gms. 
in  50  CCS.  of  alcohol  and  add  a  solution  of  2  gms.  of  caustic  soda  in  5  c.cs.  of 
water  in  a  flask  fitted  with  a  reflux.  Boil  and  add  about  8  gms.  of  zinc  dust 
till  the  solution  becomes  colourless.  Filter  with  suction,  wash  the  residue 
with  warm  alcohol,  and  to  the  filtrate  add  sulphurous  acid  solution  till  turbidity 
appears.  Cool,  filter  and  recrystallise  frotn  ligroin  with  as  little  exposure 
to  air  as  possible. 

Properties.— \,  Colourless  plates.    M.P.  126"*. 

2.  Decomposes  on  heating  into  azo-benzene  and  aniline,  becoming  red. 

3.  In  the  presence  of  strong  acid  it  undergoes  a  curious  intramolecular 
change  to  benzidene. 

CeHg.  NH-NH .  CeH^ j.  NH, .  CeH^  -  CeH^  -  NH,. 

A  little  hydrazo-benzene  is  covered  with  concentrated  hydrochloric  acid  and 
allowed  to  remain  for  5  minutes.  Then  treat  with  water,  render  alkaline  with 
caustic  soda  and  shake  out  the  free  benzidene  with  ether,  three  times.  Unite 
the  ethereal  extracts,  allow  the  ether  to  evaporate,  and  crystallise  from  hot 
water. 

Properties.— \.  Silvery  leaflets.    M.P.  122°. 

2.  If  the  aqueous  solution  be  treated  with  dilute  sulphuric  acid  the  sulphate 
separates  out. 

5.  Reduction  of  one  nitro  group  in  a  dinitro-body  (Zinin's  reaction). 
m-NitranUine  from  m-dinitro-benzene  (Beilstein  and  Kurbatow,  A.  (1875) 
176,  44). — Dissolve  10  gms.  of  w-dinitro-benzene  in  30  gms.  of  90  %  alcohol, 
and  add  8  gms.  of  *880  ammonia.    Weigh  and  pass  in  hydrogen  sulphide. 
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then  warm  for  15  minutes  with  a  reflux  and  repeat  until  there  is  an  increase 
in  weight  of  6  gms.  Add  water  to  ppt.  the  product  and  filter.  Dissolve 
the  nitraniline  in'  hydrochloric  acid,  and  filter  again  from  unchanged  dinitro- 
benzene.  Reppt.  the  filtrate  with  ammonia  and  recrjstallise  the  ppt.  from 
hot  water. 

Properties.— Long  yellow  needles.    M.P.  116° ;  B.P.  285^ 

Reaction : 
4CeH4(NO,)i  +  6NH4SH  +  H^O  =  4CeH4(NH,)  (NO,)  +  3(im^)^fi^. 

Reduction  in  add  solution. 

This  is  by  far  the  most  important  reaction  of  the  nitro-compounds,  and 
yields  the  amino  derivatives.  The  reducing  agent  is  usually  tin  (or  iron)  and 
hydrochloric  acid. 

6.  Preparation  of  aniline,  CeHgNHs. 
Reaction : 

CeHgNOg  +  Sn  +  4Ha  =  CeHjNH,  +  SnCl4  +  2HjO. 
CeHjNHj  +  Ha    =CeH5NH3Cl. 
2CeH5NH3Cl  +  SnCl4  =  (CeH5NH3)^nCle. 
(CeH6NH8)8SnCl^  +  lONaOH  =  2CeH4NHj  +  NaQ  +  Sn(0Na)4  +  6H,0. 

In  a  1^  litre  round-bottomed  flask  put  80  gms.  of  granulated  tin  and  40  gms. 
of  nitro-benzene.  Fit  with  a  tube  70  cms.  long  and  1-5  cms.  diameter  to  act 
as  a  reflux  condenser.  Through  this  tube  add  200  c.cs.  of  concentrated 
hydrochloric  acid  in  quantities  of  about  10  c.cs.  at  a  time.  (If  the  reaction 
mixture  boils  actively  aniline  will  be  lost.  At  the  least  sign  of  boiling  immerse 
the  flask  in  cold  water.)  Shake  well  after  each  addition  of  acid.  Finally 
heat  on  the  water-bath  for  an  hour  without  the  condenser.  Meanwhile 
prepare  a  solution  of  150  gms.  of  caustic  soda  (commercial  lumps)  in  200  c.cs. 
of  water. 

Fit  up  an  apparatus  for  distilling  in  steam  (from  the  reaction  flask). 
When  all  is  ready  and  the  water  boiling,  add  the  soda  carefully  to  the  reaction 
mixture  (do  not  allow  to  boil)  and  then  distil  in  steam  till  50  c.cs.  have  passed 
over  after  the  drops  falling  from  the  condenser  are  no  longer  turbid.  Saturate 
the  distillate  with  salt  and  extract  with  ether.  Dehydrate  the  extract  with 
solid  caustic  soda  and  distil  off  the  ether.  Rectify  the  aniline  (air  condenser). 
Yield  almost  theoretical. 

Properties. — 1.  Liquid,  colourless  when  freshly  distilled,  turning  yellow 
and  finally  dark  brown  on  keeping.  Characteristic  smell.  B.P.  182'* ;  S.6. 
1-026  at  15**.    Soluble  in  ether,  soluble  to  about  3  %  in  water. 

2.  Strong  hydrochloric  acid  ppts.  the  hydrochloride,  readily  soluble  in 
water. 

3.  Dilute  solutions  of  free  aniline  give  a  purple  coloration  with  bleaching- 
powder  solution. 

4.  Bromine  water  ppts.  tribromaniline. 

5.  One  drop  of  aniline,  a  drop  of  chloroform,  and  1  c.c.  of  alcoholic  potash 
give,  on  warming,  an  intense  and  disagreeable  odour  of  CgHj  .  N  .  C.  (Do 
in  draught-cupboard  and  pour  away  at  once.     (See  under  Chloroform,  p.  305.) 
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6.  To  aniline  hydrochloride  in  excess  of  acid  add  sodium  nitrite.  A  diazo 
salt  is  formed,  which  on  warming  decomposes  with  evolution  of  nitrogen  and 
phenol  is  left. 

7.  Dissolve  1  drop  of  aniline  in  1  c.c.  of  strong  sulphuric  acid,  stir  and  add 
a  few  drops  of  potassium  dichromate.    A  fine  blue  colour  is  obtained. 

In  a  like  manner  any  amine  may  be  obtained  from  the  corresponding  nitro- 
body. 
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CHAPTER  VI. 

DIAZO  COMPOUNDS  AND  THEIR  REACTIONS. 

When  aniline  salts  are  treated  at  0°  with  nitrous  acid  the  diazo  reaction 
ensues. 

CeH, .  NH,Cl  +  0 :  N .  OH-C,HjN .  C1+H,0. 

ill 


I 


This  substance  is  called  diazonium  chloride  (diazo-benzene  chloride).  If 
isolated  they  are  dangerously  explosive  when  dry.  In  solution  they  are  very 
reactive  and  the  diazo  grouping  may  be  replaced  by,  or  coupled  with,  a  large 
variety  of  radicals. 

1.  Preparation  of  diazo-benzene  chloride. — 15  gms.  of  pure  aniline  hydro- 
chloride are  suspended  in  45  gms.  of  glacial  acetic  acid.  Cool  the  vessel 
with  ice  and  add  gradually,  with  constant  stirring,  slightly  more  than  the 
theoretical  amount  of  amyl  nitrite.  The  undissolved  aniline  salt  disappears, 
and  the  reaction  is  complete  when  a  test  portion  treated  with  sodium  acetate 
no  longer  gives  a  yellow  diazo-amino  compoimd.  By  treatment  with  ether 
the  crystalline  hydrochloride  is  pptd.  and  may  be  filtered  at  the  pump. 
On  no  account  dry  it,  except  in  small  quantities,  as  it  is  very  explosive. 

2.  Preparation  of  diazo-bensene  sulphate. — Ab  above,  with  10  gms.  of 
aniline  in  100  gms.  of  pure  alcohol,  and  adding  20  gms.  of  strong  sulphuric 
acid.  12  gms.  of  amyl  nitrite  cause  the  required  sulphate  to  crystallise  out. 
Filter  and  wash  with  alcohol.    Explosive  when  dry. " 

REACTIONS  OF  THE  DIAZO  GROUP. 
A.    Replaoement. 

1.  By  hydrogen.  Preparation  of  a  hydrocarbon  from  an  amine. — Various 
methods  are  available. 

(a)  By  treatment  with  aioohol,  m-nitro-tolneTie  from  nitro-toluidine, — 
Dissolve  1  part  of  nitro-toluidine  in  3  parts  of  alcohol  and  add  carefully  3  parts 
of  strong  si^phuric  acid,  in  a  tall  beaker.  Cool  with  ice  and  add  the  theoretical 
quantity  of  sodium  nitrite  dissolved  in  the  minimum  of  water.  This  solution 
is  added  through  a  thistle-funnel  so  that  it  goes  to  the  bottom  of  the  liquid 
before  the  nitrous  acid  is  set  free.  Small  quantities  at  a  time  are  added  with 
constant  stirring  till  a  test  portion  shows  free  nitrous  acid  with  starch-iodide 
paper. 
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Warm  on  a  water-bath  till  no  more  nitrogen  is  evolved,  distil  off  the  alcohol, 
dry  the  product  with  calcium  chloride  and  rectify.    B.P.  230*^. 

(b)  By  alkaline  stannite.  Benzene  from  aniline,  toluene  from  toluidine,  etc. — 
Dissolve  1  part  of  the  amine  in  3  parts  of  strong  hydrochloric  acid  and  5  parts 
of  water.  Cool  with  ice  and  treat  as  previously  described  with  1  part  of  sodium 
nitrite  in  3  parts  of  water  till  free  nitrous  acid  is  recognised.  Now  pour  the 
solution  into  about  half  its  volume  of  30%  caustic  soda.  The  stannite 
solution  (prepared  by  dissolving  4  parts  of  stannous  chloride  in  10  of  water, 
and  adding  to  it  60  %  caustic  soda  solution  till  the  ppt.  first  formed  is  redis- 
solved)  is  now  added  to  the  alkaline  diazo  solution,  a  little  at  a  time,  cooling 
with  ice.  Shake  after  adding  each  portion  and  wait  till  the  evolution  of 
nitrogen  ceases  before  adding  the  next. 

The  product  may  be  steam  distilled,  ether  extracted,  etc.,  for  the  isolation 
of  the  hydrocarbon. 

Beplaeement  by  hydrozyl. 

2.  Phenol  from  aniline. — To  the  hot  solution  made  by  pouring  quickly 
30  gms.  of  sulphuric  acid  into  80  c.cs.  of  water  and  stirring,  add  carefully 
15  gms.  of  aniline  and  then  120  c.cs.  of  water.  Cool,  diazotise  as  before  with 
14  gms.  of  sodium  nitrite  in  60  c.cs.  of  water,  till  free  nitrous  acid  is  detected. 
Distil  off  the  phenol  in  a  current  of  steam  after  heating  for  half  an  hour  on 
the  water-bath.  Salt  out  the  distillate,  extract  with  several  portions  of 
ether,  dry  the  combined  extracts  with  fused  sodium  sulphate  and  fractionate 
with  an  air-condenser  for  the  phenol. 

PropeHies.—l.  Colourless  crystals.  M.P!  43°  ;  B.P.  183**.  Characteristic 
smell ;  somewhat  soluble  in  cold  water,  miscible  with  hot  water. 

2.  It  dissolves  in  alkalis  forming  "  phenates,"  but  not  in  alkali  car- 
bonates.   Phenol  is  often  termed  "  carbolic  acid  "  from  its  acidic*nature. 

3.  Bromine  water  ppts.  «ym-tribromo-phenol  as  a  pale  yellow  ppt.  when 
added  to  a  solution  of  phenol. 

4.  Ferric  chloride  gives  a  violet  colour,  destroyed  by  acids. 
Note. — AU  phenols  give  some  coloration  with  ferric  chloride. 

5.  Ammonia,  followed  by  a  few  drops  of  hypochlorite  solution  gives  a 
blue  colour  on  warming. 

6.  Liebemuum's  reaction. — To  phenol  add  strong  sulphuric  acid  in  which 
some  solid  potassium  nitrite  has  been  dissolved.  A  green  colour  is  obtained, 
turning  red  on  dilution  and  blue  on  adding  alkali.  (OtherJ  phenols^give 
this  reaction.) 

3.  Hydroqninone  from  p-amino-phenol  (Griess,  A,  187,  67). — 21*6  gms. 
of  p-amino-phenol  are  diazotised  as  before  {sulphuric  acid),  and  the  solution 
digested  with  a  boiling  solution  of  100  gms.  of  copper  sulphate  in  700  c.cs. 
of  water.    Extract  the  hydroquinone  with  ether  and  crystallise. 

Replacement  by  chlorine,  bromine  and  cyanogen. 

Sandmeyer  showed  that  when  a  diazo  salt  was  heated  with  the  correspond- 
ing cuprous  salt,  the  acid  radical  in  question  takes  the  place  of  the  diazo 
group.  The  action  of  the  cuprous  salt  is  not  understood.  (Sandmeyer, 
B,  17,  2650 ;  20,  1495.) 
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GaUermann  showed  that  in  some  cases  the  required  acid  and  freshly- 
reduced  copper  powder  acted  in  a  similar  way. 

CeH^N.Cl ^CeHgCl  +  N^. 

CeHgNjCN >  CeHgCN  +  N.. 

4.  Preparation  of  chloro-benzene  from  aniline.  p-Chloro-tolnene  from 
p-toloidine,  etc. — Prepare  a  10  %  solution  of  cuprous  chloride  from  4  gms.  of 
copper  oxide,  15  gms.  of  fine  copper  turnings  and  100  c.cs.  of  strong  hydro- 
chloric acid.  Boil  in  a  flask  tUl  colourless.  Place  the  solution  in  a  litre 
flask  fitted  with  a  reflux  and  boil,  then  add  slowly  through  the  condenser  the 
solution  6btained  by  diazotising  20  gms.  of  aniline  in  50  c.cs.  of  strong  hydro- 
chloric acid  and  50  c.cs.  of  water,  with  17  gms.  of  sodium  nitrite  in  50  c.cs.  of 
water.  (See  above.)  Shake  vigorously  after  each  addition.  When  complete, 
distil  in  steam.  Add  a  little  caustic  soda  to  the  distillate  to  fix  any  phenol, 
separate  the  lower  layer  of  chloro-benzene,  dry  with  calcium  chloride  and 
rectify.    B.P.  132**.    ;)-Chloro-toluene  boils  at  162^    M.P.  74^  ' 

Bromo-benzene,  etc.,  ar^  prepared  similarly,  using  the  dia.zo-svlphate 
to  prevent  the  formation  of  any  chloro-body,  and  a  solution  of  cuprous  bromide 
or  hydrobromic  acid  and  copper  powder. 

Quantities  required. — 20  gms.  of  aniline,  100  c.cs.  of  water,  20  c.cs.  of 
strong  sulphuric  acid,  diazotised  as  above.  This  is  added  to  cuprous  bromide 
made  from  20  gms.  of  copper  sulphate  crystals,  57  gms.  of  potassium 
bromide,  120  c.cs.  of  water,  15  gms.  of  fine  copper  turnings  and  4-5  c.cs. 
of  strong  sulphuric  acid,  boiled  till  colourless.  Use  100  c.cs.  of  the  resulting 
solution. 

B.P.  of  bromobenzene,  ISS** ;  S.G.  1  -5. 

5.  Preparation  of  phenyl  cyanide  (benzonitrile). — Dissolve  50  gms.  of 
crystallised  copper  sulphate  in  200  c.cs.  of  warm  water  in  a  litre  flask  on  a 
water-bath  in  an  effident  fume-cupboard.  Add  gradually,  with  continuous 
shaking,  a  solution  of  55  gms.  of  potassium  cyanide  in  100  c.cs.  of  water 
from  a  tap-funnel.  Cyanogen  is  copiously  evolved.  (On  no  account  breathe 
any  of  it !)  Warm  the  product  to  65*^-70**  on  a  water-bath  and  add  gradually 
a  diazotised  aniline  solution  (20  gms.  of  aniline)  prepared  as  before.  Shake 
after  each  addition,  and  when  all  is  added  (10  minutes)  heat  on  the  water-bath 
for  15  minutes  and  distil  in  steam  in  the  draught-cupboard.  Extract  the 
distillate  with  ether,  wash  the  extract  with  dilute  caiistic  soda  to  separate 
any  phenol,  then  with  dilute  sulphuric  acid.  Dry  the  extract  over  potassium 
carbonate,  distil  off  the  ether  and  fractionate. 

p-Tolyl  cyanide  may  be  similarly  prepared  from  ^-toluidine.  It  is  simply 
filtered  from  the  steam-distillate  and  dried  between  filter-paper,  then  distilled. 

Properties. 

Benzonitrile. — 1.  Colourless  liquid  (usually  somewhat  yellow).  B.P. 
191^ 

Tolnonitrile.— 1.  Crystalline  solid.    M.P.  38°  ;  B.P.  218''. 

2.  Both  are  readily  hydrolysed  to  their  respective  acids  by  boiling  with 
nxineral  acid.    (See  p.  384.) 
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Oattermann's  modification  of  Sandmeyer's  reaction. 

6.  Preparation  of  chloro-bensene,  etc.  (Gattermann,  B,  28,  1218;  26, 
1086). — Copper  powder,  prepared  by  the  action  of  zinc  dust  on  copper 
sulphate  solution  and  washed  with  dilute  sulphuric  acid  then  water,  is 
added  gradually  to  a  diazonium  chloride  prepared  as  before.  Heat  on  a 
water-bath  with  reflux,  finally  steam  distil  and  purify  as  before. 

Chloro-benzene.    B.P.  132**.        ;)-Chloro-toluene.    B.P.  163"*. 
(from  aniline)  (from  ^-toluidine) 

Replacement  by  iodine. 

7.  Preparation  of  iodo-bensene,  CeHsI. — This  is  done  very  simply  by  the 
action  of  potassium  iodide  on  the  diazonium  salt.    (Griess,  A,  (1866),  137,  76.) 

Prepare  diazonium  chloride  or  sulphate  solution  from '20  gms.  of  aniline 
as  before.  Pour  it  into  a  solution  of  40  gms.  of  potassium  iodide  in  100  c.cs. 
of  water.  Heat  on  a  water-bath  (reflux)  till  no  more  nitrogen  is  evolved, 
steam  distil  the  product,  extract  with  ether  and  wash  the  extract  with  (a) 
water,  (6)  caustic  soda  solution  to  remove  free  iodine,  (c)  water,  then  dry 
over  calcium  chloride  and  rectify. 

Properties,— I,  Heavy  yellow  liquid.  B.P.  190^;  S.G.  1-84  at  IS"*  C. 
Insoluble  in  water. 

2.  Dissolved  in  chloroform  and  treated  with  chlorine,  fine  yellow  crystals 
(needles)  of  CeHglCl,  are  obtained.    See  next  preparation. 

Derivatives  of  iodo-benzene  (Willgerodt,  J,  pr.  [2],  83,  155). — lodo-benzene 
is  notable  from  the  extreme  readiness  of  the  iodine  to  assume  the  trivalent 
state.    The  following  compounds  are  prepared  from  it. 


8.  Preparation  of  iodo-benzene  dichloride. 


/\_t/^' 


^Cl 


Dissolve  20  gms.  of  iodo-benzene  in  50  gms.  of  dry  chloroform.  Pass 
in  a  stream  of  dry  chlorine  using  an  inverted  funnel  just  dipping  into  the 
solution  as  a  delivery  tube.  In  a  few  minutes  yellow  crystals  separate. 
When  there  is  no  further  action,  filter,  wash  with  a  little  chloroform,  spread 
out  on  filter-paper  and  allow  to  dry. 

Properties, — 1.  Yellow  needles;  unstable;  evolve  chlorine  at  80**; 
at  120**  decomposition  is  complete. 

2.  If  kept  in  a  bottle,  chlorine  enters  the  nucleus,  displacing  hydrogen, 
and  on  opening  the  bottle  fumes  of  hydrochloric  acid  emerge. 

A-i=o 


9.  Preparation  of  lodoeo-benzene 


V 


/\ 


and  diphenyl  iodoninin  iodide 

I 

I 

-Rub  together  in  a  mortar  5  gms.  of  iodo-benzene  dichloride  with  20  gms.  of 
24  369 
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10%  caustic  soda  solution.  Leave  for  several  hours.  The  white  insoluble 
mass  is  filtered,  washed  and  pressed  (iodoso-benzene).  The  filtrate,  which 
contains  the  iodide,  is  saturated  with  sulphur  dioxide.  The  ppt.  obtained  is 
recrystallised  from  hot  water  (diphenyl  iodonium  iodide). 

Properties. 

Iodoso-benzene. — 1.  Puffs  up  and  decomposes  when  heated  to  210"^. 
2.  Treated  with  acids  it  forms  salts,  e.g.  dissolve  in  the  minimum  of 
glacial  acetic  acid,  evaporate  and  recrystallise  from  benzene. 

CeH^ICCOjCH,),. 

Diphenyl  iodonium  iodide. — 1.  Colourless  needles. 

2.  When  heated  it  is  converted  into  iodo-benzene. 

3.  Treated  with  freshly-pptd.  silver  oxide  the  free  base  is  obtained,  though 
its  actual  preparation  by  another  method  is  more  convenient  (see  below). 
This  remarkable  substance, 

CeHiP-I-CeHj 

I 
OH 

is  a  base  of  the  order  of  ammonium  hydroxide. 

10.  Preparation  of  iodozy-benzene,  CeHglOs  (Willgerodt,  B.  25,  3500 ; 
26,  358, 1310). — This  compound  (also  called  phenyl  iodite)  is  made  by  distilling 
in  steam  a  thin  paste  of  iodoso-benzene  and  water. 

When  no  more  iodo-benzene  comes  over,  evaporate  the  residue  in  the 
dbtilling-flask  on  a  water-bath  and  cool.  .  The  crystals  which  separate  are 
filtered.    Recrystallise  from  water. 

Properties. — 1.  On  heating,  puffs  up  suddenly  and  decomposes.  The  sub- 
stance explodes  at  230°  (care  !). 

2.  It  has  no  basic  properties. 

3.  Mixed  with  an  equi-molecular  proportion  of  iodoso-benzene  and  treated 
with  freshly-pptd.  silver  oxide,  diphenyl  iodonium  hydroxide  is  obtained. 

CeHglO  +  CeHglO,  +  AgOH  =  (CeH^),  :  I .  OH  +  AglO,. 

11.  Redaction   of   diazo-benzene   to   phenyl   hydrazine,    CeHsNH-HHs 

(Meyer,  B,  16,  2976). — The  reduction  in  add  solution  is  carried  out  by  stannous 
chloride. 

Diazotise  as  usual  20  gms.  of  fresMy-disttUed  aniline  in  60  gms.  of  hydro- 
chloric acid  and  150  c.cs.  of  water.  Saturate  with  60  gms.  of  salt,  with 
thorough  shaking.  Pour  off  from  any  imdissolved  salt  and  cool  with  ice. 
Add  a  solution  of  120  gms.  of  stannous  chloride  in  50  gms.  of  strong  hydro- 
chloric acid  and  leave  overnight.  Filter  off  the  phenyl-hydrazine  hydro- 
chloride on  a  Biichner  funnel,  press  it  out,  and  if  the  free  base  is  required, 
decompose  it  by  adding  it  to  excess  of  caustic  soda  solution.  Extract  the  oil 
with  ether,  dry  the  extract  with  potassium  carbonate  and  distil  off  the  ether. 
Then  distil  the  base  in  vacuo.    Yield,  20  gms.  B.P.  120°  at  12  mm.  pressure. 

Properties. — 1.  Colourless  oil  when  freshly  made.  Rapidly  discolours* 
M.P.  23°  ;  B.P.  240°  (about). 

2.  Strongly  basic.     Fofms  salts, 
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3.  Condenses  with  aldehjds  and  ketones  forming  hydrazones,  and  with 
sugars  forming  osazones  {q-v,). 

4.  Powerful  reducing  agent  (Fehling,  etc.). 

Other  reactions  of  diaioninm  salts. 

Note. — Bamberger  has  shown  that  diazonium  salts  exist  in  two  forms, 
one  much  more  active  than  the  other.  He  formulates  the  active  form  (which 
performs  the  reactions  described  in  this  chapter)  as 

CeHj— N— a,  and  the  inactive  form  as  CeH^ .  N  =  N .  a. 


1! 


Hantzsch  shows  that  the  latter  exists  in  two  modifications  (geometrical 
isomers)  and  in  some  cases  has  isolated  both  forms,  cis  and  trans, 

12.  Preparation  of  diazonium  perbromide. 

CeH5N,Br  +  Br,=CeH5N^r3. 

Diazotise  a  few  c.cs.  of  aniline  in  the  usual  way.  To  it  add  an  equal  volume 
of  bromine  dissolved  in  strong  potassium  bromide  solution.  Separate  the 
oil  which  forms,  wash  it  with  water  and  allow  to  stand.  After  a  time  it 
crystallises. 

13.  Preparation  of  diaso-amino-benzene,  and  its  conversion  to  amino-azo- 
benzene  (Oattermann,  A.  121,  257). 

CeH^N^a  +  CeH^NHj^CeHgN,.  NHCeH,. 

Diazotise  10  gms.  of  aniline  in  100  c.cs.  of  water  and  35  gms.  of  hydrochloric 
acid  of  S.G.  1'185  (12  gms.  of  anhydrous  HCl)  with  8  gms.  of  sodium  nitrite. 
Have  ready  a  solution  of  10  gms.  of  aniline  in  the  theoretical  quantity  of 
dilute  hydrochloric  acid.  Cool  it  to  0°  and  add  it  to  the  diazonium  salt,  also 
at  0°.  Now  add  an  ice-cold  solution  of  50  gms.  of  sodium  acetate  in  the 
minimum  of  water  and  set  aside  for  half  an  hour.  Filter  o£E  the  product  on 
the  pump,  wash  with  water,  press  and  crystallise  from  ligroin  or  alcohol. 
Yield,  theoretical. 

Properties — 1.  Yellow  plates,  M.P.  96'^-98°.  Insoluble  in  water.  Ex- 
plodes at  100°. 

2.  In  alcohol  solution  it  gives,  on  addition  of  alcoholic  silver  nitrate,  a 
red  crystalline  ppt.  of  C^Hj .  N, .  NAg .  C^Hj. 

3.  It  undergoes  an  intramolecular  change  to  amino-azo-benzene  (see  next 
preparation). 

14.  Preparation  of  amino-azo-benzene,  C^B^ .  N2 .  CeHs ,  NH,  (Gattermann, 
B.  10,  1309  ;  20,  372,  904).— Prepare  a  few  gms.  of  aniline  hydrochloride  by 
adding  strong  hydrochloric  acid  to  4  gms.  of  aniline,  filtering  by  suction  and 
pressing  the  ppt.  between  filter-paper. 

Mix  4  gms.  of  this  with  8  gms.  of  powdered  diazo-amino-benzene  and 
,20  gms.  of  freshly-distilled  aniline.  Heat  for  an  hour  on  a  water-bath  at 
40*^-45**.  Allow  to  stand  for  several  hours  and  then  add  hydrochloric  acid 
(1 : 1)  in  excess,  not  allowing  the  temperature  to  rise  above  70°.  The  hydro- 
chloride separates  and  is  washed  with  dilute  hydrochloric  acid  to  dissolve  any 
aniline  hydrochloride. 
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To  obtain  the  free  base,  wann  the  hydrochloride  with  dilate  ammoniay 
filter  off  the  product,  dissolve  it  in  alcohol  containing  a  few  drops  of  ammonia 
and  add  hot  water  till  turbidity  appears.  On  cooling,  orange  prisms,  M.P. 
127®,  separate. 

Condensations  or  ''  coupling  "  reactions  of  diazonium  salts  with  sulphonic 
acids,  amines  and  phenols  will  be  dealt  with  later. 
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CHAPTER  VII. 

SOME  OTEDSB  AMINE  DERIVATIVES. 

Aniline,  etc.,  salts  are  obtained  as  solids  by  the  direct  action  of  cold  con- 
centrated acid  on  the  base.  They  crystallise  well  from  water.  On  adding 
chlorplatinic  acid  to  their  hydrochloride  solutions,  a  yellow  crystalline  ppt. 
forms,  precisely  analogous  to  the  corresponding  ammonium  salt.  This  re- 
action is  used  for  finding  the  molecular  weight  of  the  base. 

Derivatives  in  which  the  hydrogen  of  the  amino  group  is  replaced. 

1.  Preparation  of  aoetanilide,  Cfi^ .  NH .  CO .  CH,  (Williams,  J.C.8.,  1864, 
106). 

(a)  In  a  round-bottomed  250  c.cs.  flask,  connected  with  a  long  wide  upright 
'tube  to  act  as  an  air-cooled  reflux,  heat  a  mixture  of  25  gms.  of  aniline  and 

30  gms.  of  glacial  acetic  acid  for  7-8  hours  on  a  sand-bath.  Whilst  hot  pour 
into  500  c.cs.  of  cold  water.  Filter  on  the  pump  and  wash  with  a  little  cold 
water.  Kecrystallise  by  boiling  with  water  containing  a  little  alcohol,  filter 
whilst  hot  and  set  aside.  The  solution  may  be  decolorised  first  if  necessary 
by  boiling  with  animal  charcoal.    Yield,  30-35  gms. 

Properties,— I.  White  rhombic  plates.  M.P.  114^ ;  B.P.  295°.  Sparingly 
soluble  in  water. 

2.  Hydrolysed  to  aniline  (hydrochloride)  and  acetic  acid  by  boiling  with 
strong  hydrochloric. acid. 

3.  ^Bromacetanilide  is  obtained  (Remmers,  B.  (1874)  346)  by  dissolving 
4  gms.  in  20  c.cs.  of  glacial  acetic  acid  and  adding  5  gms.  of  bromine  in  6  c.cs. 
of  glacial  acetic  acid.  Stand  aside  for  15  minutes  and  pour  into  excess  of 
cold  water. 

Recrystallise  the  washed  crystalline  ppt.  from  alcohol. 

4.  Employed  as  a  febrifuge  ("  anti-febrin  "). 

(b)  Alternatively  (Franzen,  B,  (1909)  42,  2465)  the  action  of  acetyl  chloride 
or  acetic  anhydride  on  1*^  and  2^  amines  yields  the  acetyl  derivative.  Simply 
warm  the  two  bodies  together  for  a  few  minutes  and  pour  into  water  to 
decompose  the  excess  of  anhydride. 

2.  Preparation  of  2^  and  8^  amines  and  derivatives. 

(i)  Methyhniline,  C^B^ .  NH  .  CHj  (Hepp,  B.  (1877)  10,  327).— Heat 
15  gms.  of  acetanilide,  4  gms.  of  sodium  (best  as  wire)  and  75  gms.  of  xylene 
(as  solvent)  in  a  flask  with  a  reflux,  for  2-3  hours  at  130°  (oil-bath).  Cool, 
add  16  gms.  of  methyl  iodide  and  warm  till  no  more  methyl  iodide  comes 
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ofE.  Distil  ofi  the  xylene  and  boil  with  concentrated  potash  solution  for 
24  hours  (reflux).  Acidify  with  hydrochloric  acid,  distil  in  steam  to  remove 
any  remaining  xylene,  etc. ;  again  render  alkaline  and  distil  oft  the  methyl 
aniline  in  steam.  Extract  the  distillate  with  ether,  dry  with  solid  potash  and 
fractionate.    RP.  192°. 

Properties. — 1.  Liquid,  strong  aromatic  odour.    S.6.  0'975. 

2.  Bleaching-powder  solution  gives  a  violet  colour,  changing  to  brown. 

3.  Nitrous  acid  forms  a  nitrosamine,  a  yellow  oil  with  no  basic  properties, 
which  on  treatment  with  phenol  dissolved  in  strong  sulphuric  acid,  dilution 
with  water  and  making  alkaline  with  potash  gives  an  intense  blue  colour. 
(Liebermann's  reaction  for  nitrosamines.) 

(ii)  Dimethylaniline,  C^}1^^(CH^)^  (Walter,  Chem.  Zeit.,  1910,  84,  641, 
etc.). 

(a)  80  gms.  of  aniline,  78  gms.  of  pwe  methyl  alcohol  and  8  gms.  of  sul- 
phuric acid  are  heated  in  a  small  autoclave  (a  steel  vessel  with  enamel  lining 
and  a  screw-on  lid,  to  withstand  high  pressures)  for  2  hours  to  150*^  and  for 
6  hours  to  180°.  Considerable  pressure  is  developed  (up  to  25  atmospheres 
on  the  large  scale).  The  contents  after  cooling  are  made  alkaline  with  caustic 
soda  and  steam-distilled.  Separate  the  oil,  dry  with  potash  and  fractionate. 
B.P.  190°-200°. 

(b)  If  an  autoclave  is  not  available,  use  20  gms.  of  aniline  hydrochloride, 
15  gms.  of  aniline  and  22  gms.  of  pure  methyl  alcohol.  Heat  together  in  a 
bomb-tube  (see  p.  417)  for  2  hours  to  150°  and  for  6  hours  to  190°.  Pour 
the  whole  contents  of  the  tube,  after  opening,  into  a  separating  funnel,  add  * 
excess  of  caustic  soda  and  shake.  Add  some  ether,  remove  the  t6p  layer, 
and  extract  the  lower  aqueous  layer  twice  more  with  ether.  The  united 
ethereal  solutions  are  dried  over  potash,  filtered,  the  ether  distilled  ofi  and 
imchanged  aniline  converted  to  acetanilide  by  boiling  with  25  gms.  of  acetic 
anhydride  (reflux)  for  an  hour.    Then  distil  and  fractionate. 

(c)  Ndhing*8  method  (B.  24,  563),  which  is  more  convenient,  is  to  treat 
aniline,  etc.,  with  rather  more  than  the  theoretical  amount  of  methyl  iodide 
and  excess  of  sodium  carbonate  solution.  Heat  on  a  water-bath  (reflux) 
for  2  hours.  Render  alkaline  with  caustic  soda,  extract  with  ether,  dry  over 
solid  potash  and  fractionate. 

Properties, — 1 .  Colourless  liquid.  Characteristic  disagreeable  odour.  B.P. 
190°-200°.    Darkens  readily  like  aniline. 

2.  Warmed  with  methyl  iodide  a  crystalline  quaternary  ammonium 
iodide  is  obtained. 

3.  With  nitrous  acid  an  intense  green  product,  ^-nitrosodimethyl  aniline, 
is  obtained.    See  next  preparation. 

(iii)  p-Nitro80dimeihyl  aniline  (Baeyer,  Caro,  B,  7,  963).— 20  gms.  of 
aniline  are  dissolved  in  50  c.cs.  of  strong  hydrochloric  acid  and  100  c.cs.  of 
water  added.  Run  in  slowly  a  solution  of  12  gms.  of  sodium  nitrite,  below  8°, 
with  constant  stirring.  Leave  for  an  hour.  Filter  off  the  pptd.  hydrochloride, 
wash  with  methylated  spirit  containing  hydrochloric  acid,  and  if  the  free  base 
is  required  dissolve  in  water  and  treat  with  potassium  carbonate.  Shake 
out  with  ether  and  allow  the  extract  to  evaporate. 

Properties, — 1.  Large  gFeen  leaflets.    M.P.  85°. 
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2.  Solution  in  hydrochloric  acid  is  decolorised  by  zinc  dust  owing  to 
reduction  to  dimethyl  ^phenylene  diamine. 

(CH3),  :  N .  CeH, .  NO  =  (CH3), :  N .  CeH, .  NH,. 

3.  Warm  some  of  the  crystals  of  |>-nitrosodimethyl  aniline  with  am- 
monium sulphide.  Acidify  with  hydrochloric  acid  and  add  ferric  chloride. 
Methylene  blue  is  produced. 

/N(CH3)3 
/CeH3N 


N^  >S 

XH3^N(CH3)2C1 

/NHCeHj 
(iv)  Thiooarbanilide.  C=S 

\NHCeH5 

Heat  together  on  a  water-bath,  in  a  flask  fitted  with  a  reflux,  4  parts  each  of 
alcohol,  carbon  disulphide  and  aniline  and  3  parts  of  potash.  Then  distil 
ofi  the  carbon  disulphide  and  alcohol,  and  add  water  to  the  residue.  Filter 
the  crystals  which  separate,  wash  with  dilute  hydrochloric  acid  to  remove 
any  aniline,  then  with  water.  The  crude  product  may  be  used  for  preparations, 
but  it  may  be  crystallised  from  alcohol  if  wanted  pure. 

Properties. — 1.  Colourless  rhombic  tablets.  M.P.  154°.  Soluble  in  alcohol 
and  ether. 

2.  Forms  isothiocyanates.    See  next  preparation. 

(v)  Phenyl  isofhiocyanaie  (phenyl  mustard  oil),  CeH^N  :  C :  S  (Weith, 
Merz,  Z.  1869,  589). — Distil  a  mixture  of  1  part  of  thiooarbanilide  with  5 
parts  of  strong  hydrochloric  acid  (fume-cupboard)  till  about  15  c.cs.  only 
remain  (see  below).  Extract  the  distillate  with  ether,  dry,  remove  the  ether 
and  rectify. 

Properties,— I.  Colourless  oil.    B.P.  220°. 

2.  Heated  with  aniline,  thiocarbamlide  is  formed. 

3.  Heated  with  yellow  mercuric  oxide  the  sulphur  is  replaced  by  oxygen. 
Note. — The  residue  left  in  the  flask  above  is  the  hydrochloride  of  tri-phenyl 

guanidine.  If  sufficiently  concentrated  it  will  crystallise  on  cooling.  Wash 
on  the  filter  with  a  little  water  and  warm  gently  with  dilute  caustic  soda. 
The  free  base  is  obtained  and  may  be  recrystallised  from  alcohol.  The 
crystals  are  needle-shaped.    M.P.  143°.     Feeble  base. 
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CHAPTER  VIII. 

PHENOLS  AND  THEIR  DERIVATIVES. 

1.  Preparation  of  phenol  from  benzene  sulphonio  acid. 

CeHslSOsK  +  KiOH = K2SO3  +  CeH^OH. 

Dissolve  40  gms.  of  caustic  potash  (not  soda)  in  very  little  water  and  heat 
gently  in  an  iron  or  nickel  basin.  (Care  of  eyes  and  hands  /).  Add  gradually 
with  constant  stirring  20  gms.  of  potassium  benzene  sulphonate.  Keep  the 
temperature  about  240^.  After  an  hour  pour  out  the  molten  mass  on  to  a 
clean  tile,  dissolve  in  water,  acidify  with  strong  hydrochloric  acid  and 
repeatedly  extract  with  ether.  Dehydrate  the  extracts  with  potassium 
carbonate,  distil  off  the  ether  and  then  the  phenol.  B.P.  180°.  (Reactions 
on  p.  367.) 

Similarly  make  catechol  from  potassium  o-phenol  sulphonate,  and  resor- 
cinol  from  sodium  m-benzene  disulphonate. 

2.  Preparation  of  ethers.  Anisol,  C^Hj.OCHa;  Phenetol,  CeHj.OC^Hj 
(Cahours,  Ann.  (1851)  78,  226). — A  250  c.cs.  round-bottomed  flask  is  fitted 
with  a  reflux  and  100  c.cs.  of  methyl  (or  ethyl,  according  to  the  preparation) 
alcohol  poured  in.  4*6  gms.  of  sodium  are  then,  added  in  small  pieces,  and 
when  dissolved,  cool  and  add  the  theoretical  quantities  of  phenol  and  the 
required  iodide.  (18-8  gms.  of  phenol,  32  gms.  of  methyl  iodide  or  35  of  ethyl 
iodide).  Heat  on  a  water-bath  for  3  hours  (till  the  alkaline  reaction  dis- 
appears). Distil  off  as  much  alcohol  and  unchanged  iodide  as  possible  from 
the  water-bath,  treat  the  residue  with  water,  separate  the  oil  with  ether 
and  dehydrate  over  calcium  chloride.  Distil  off  the  ether  and  rectify  the 
residue. 

Properties. — Colourless  stable  liquids.  Agreeable  smell.  B.P.  of  anisol, 
152°  ;  of  phenetol,  172°.  

3.  Preparation  of  qoinoL    (Hydroqninone)     H0<^        ^OH. 

Best  prepared  from  quinone  (q.v.)  by  saturating  the  aqueous  solution  with 
sulphur  dioxide,  allowing  to  stand  for  some  time,  extracting  with  ether  and 
allowing  the  extract  to  evaporate.  Recrystallise  from  dilute  sulphur  dioxide 
solution. 

Properties. — 1.  Colourless  prisms.  M.P.  169°.  Soluble  in  the  usual 
solvents. 

•2.  Ferric  chloride  turns  the  solution  brown.  Quinone  may  be  extracted 
from  this  by  ether. 

3.  Reduces  Fehling's  solution. 

376 
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4.  Reduces  silver  salts  in  alkaline  solution.     It  is  used  as  a  photographic 
developer  on  this  account. 

AOH 
Properties  of  BesorcinoL 


M.P.  lir 


OH 


1.  Can  be  distinguished  from  hydroquinone  and  catechol  by  the  formation 
of  fluorescein  when  heated  gently  with  phthalic  anhydride  and  zinc  chloride. 
The  brown  melt  is  dissolved  in  caustic  soda  and  poured  into  much  water. 
Fine  greenish  yellow  fluorescence.      (See  Chap.  XIII.) 

2.  Ferric  chloride  produces  a  violet  colour. 

3.  Bromine  water  ppts.  tri-bromoresorcinol. 

4.  Reduces  Fehling's  solution  and  alkaline  silver  solutions. 

/\0H 


Properties  of  Catechol. 


M.P.  104'' 
OH 


1.  Ferric  chloride  gives  a  green  coloration,  turning  red  on  adding  sodium 
carbonate.     (This  is  characteristic  of  o-diphenols.) 

2.  It  is  a  reducing  agent  similar  to  the  others. 

4.  Preparation  of  pyrogallol  (pyrogallio  acid)  CeH3(0H)3. 

(1.  2.  3.  triliydroxybenzene)  from  gallic  acid  (Liebig,  A.  101,  48).  Fix 
up  a  retort  through  the  tubulus  of  which  a  stream  of  COg  can  be  passed. 
In  the  retort  place  a  mixture  of  two  parts  of  powdered  pumice  with  one  part 
of  gallic  acid,  and  attach  a  receiver  to  the  end  of  the  retort. 

Pass  COj  and  heat.  After  a  while,  pyrogallol  collects  in  the  form  of  needles 
in  the  neck  of  the  retort  from  which  it  may  be  melted  into  the  receiver. 

Properties. — 1.  Very  light  needles.  M.P.  132-3^.  Very  soluble  in  water, 
alcohol  and  ether. 

2.  In  alkaline  solution,  it  darkens  in  air  owing  to  absorption  of  oxygen ; 
hence  its  use  in  quantitative  oxygen  estimations. 

3.  In  alkaline  solution,  it  is  a  powerful  reducing  agent,  giving  a  black  ppt. 
of  silver  from  ammoniacal  silver  oxide ;  hence  its  use  as  a  photographic 
developer. 

4.  Ferric  chloride  gives  a  red  colour  ;  FeSO^  a  dark  blue  colour. 
Properti^  of  pUorogludnol,  1.  3.  5.  trihydroxybenzene. 

1.  White  crystalline  solid.    M.P.  218°.     Soluble  in  water. 

2.  Ferric  chloride  gives  a  blue  coloration. 

3*.  Its  solution  in  HCl  (sp.  gr.  1-15)  gives  a  red  colour  on  boiling  with 
pentoses.     (See  p.  409.) 

Properties  of  gallic  add,  2.  3.  4.  trihydroxybenzoic  acid. 

1.  White  crystalline  solid.  M.P.  230-240°.  Soluble  in  hot,  slightly  in 
cold  water. 

2.  Its  alkaline  solution  darkens  with  alkalis. 

3.  Ferric  chloride  gives  a  dark  blue  ppt.  (basis  of  ink). 

Tannic  acid  or  tannin^  C27H22O17  is  related  to  gallic  acid,  and  gives  similar 
reactions,  except  that  it  is  very  soluble  and  gives  ppts.  at  once  with  CUSO4 
and  gelatine. 
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CHAPTER  IX. 

SOHE  OXIDATIONS  AND  SEDUCTIONS. 

The  following  oxidations  will  now  be  dealt  with  : 

Side-chain  to  carboxyl. 

Amine,  etc.,  to  quinone. 

Hydroxylamine  derivative  to  nitroso-body. 

And  the  following  reductions  : 

Ketone  to  hydrocarbon. 
Phenol  to  hydrocarbon. 
Cinnamic  acid  to  hydrocinnamic  acid. 

A.    OXIDATIONS. 

1.  Toluene  (benzyl  chloride,  etc.)  to  benaoio  acid. — Strong  nitric  acid, 
chromic  acid,  permanganate,  etc.,  are  all  employed  as  side-chain  oxidising 
agents.  It  is  sometimes  more  convenient  to  employ  a  halogenated  side-chain 
derivative,  which  is  easier  to  oiddise. 

(a)  Boil  12  gms.  of  toluene  with  40  gms.  of  potassium  dichromate,  55  gms. 
of  sulphuric  acid,  and  80  c.cs.  of  water  in  a  flask  with  a  reflux  till  the  toluene 
has  disappeared.    Cool,  filter  and  recrystallise  the  benzoic  acid  from  hot  water. 

(b)  In  a  flask  fitted  with  a  reflux  put  5  gms.  of  benzyl  chloride,  4  gms.  of 
anhydrous  sodium  carbonate  and  50  c.cs.  of  water.  Add  gradually  9  gms.  of 
permanganate  in  150  c.cs.  of  water.  Boil  for  2-3  hours  on  a  wire  gauze ; 
pass  in  sulphur  dioxide  till  the  ppt.  of  manganese  dioxide  dissolves.  Cool, 
filter  and  recrystallise  from  hot  water. 

Properties. — 1.  White  plates  with  a  pearly  lustre.  M.P.  121°.  Volatile 
in  steam.  Soluble  in  hot  water,  alcohol  and  ether.  The  vapour  has  a  char- 
acteristic smell. 

2.  Ferric  chloride  ppts.  bufi  basic  ferric  benzoate  from  neutral  solutions. 

3.  Silver  nitrate  ppts.  white  silver  benzoate  from  not  too  dilute  neutral 
solutions. 

4.  Heated  with  soda-lime,  benzene  is  evolved. 

CH5 .  iCOONa  +  NaO:H  =  CeHe  +  Na^COs. 

^  ^-COOH 
2.  Naphthalene  to  Phthalic  acid 


378 
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35  gms.  of  naphthalene  are  dissolved  in  470  gms.  of  fuming  sulphuric  acid 
(containing  6-7  %  of  anhydride)  with  constant  stirring.  18  gms.  of  mercuric 
sulphate  are  added,  and  the  whole  placed  in  a  tubulated  retort  fitted  with  a 
thermometer  and  a  cooled  receiver  (condenser  unnecessary),  and  carefully 
heated.  Oxidation  begins  at  200^  and  at  250^  a  mixture  of  sulphuric  acid 
and  phthalic  anhydride  distils.  Continue  till  the  residue  is  practically  solid. 
Drain  the  distillate  from  sulphuric  acid  as  far  as  possible,  and  add  to  some 
water,  boil  and  cool.  Filter  off  the  phthalic  acid,  wash  with  a  little  cold  water 
and  recrystallise  from  boiling  water. 

Properties. — 1.  Short  white  prisms.    M.P.  213''. 

2.  Heated  slowly  it  gives  ofE  water  and  the  anhydride  sublimes  as  white 
needles,  M.P.  128°.  The  latter  may  be  prepared  in  quantity  from  the  acid 
by  heating  in  a  subliming  apparatus  or  distilling  carefully  from  a  retort, 
rejecting  the  water  which  comes  over  first.     It  is  used  in  preparing  phthaleins. 

3.  Heated  with  soda-lime,  benzene  is  evolved. 

CO 


3.  Aniline  to  Qoinone. 


: —       o-Toluidine  to  toloaninone. 


CO 

Many  j9-derivatives  of  benzene  can  be  oxidised  to  quinone,  but  it  is  also 
readily  obtained  from  aniline,  etc.  Dissolve  20  gms.  of  aniline  (or  o-toluidine) 
in  600  CCS.  of  water  and  95  c.cs.  of  sulphuric  acid.  Place  in  a  large  beaker, 
cool  with  ice  and  stir  (best  with  a  turbine)  during  the  whole  time  that  60  gms. 
of  powdered  sodium  dichromate  are  being  added,  1  gm.  at  a  time.  This 
should  take  an  hour.  Leave  overnight,  and  treat  in  one  of  the  following 
ways. 

(a)  Extract  three  times  with  300  c.cs.  of  ether  each  time.  Do  not  shake 
vigorously  or  the  ether  vnU  not  separate,  (Distil  the  ether  off  and  use  again.) 
Finally  the  ethereal  extract  is  freed  from  ether  in  a  large  flask,  and  the 
crystalline  mass  is  steam-distilled,  the  distillate  extracted  with  ether, 
evaporated  and  dried.    Yield,  15  gms. 

(b)  Reduce  to  hydroquinone  by  saturating  with  sulphur  dioxide  from  a 
syphon  of  the  liquid  gas.  The  hydroquinone  may  then  be  ether-extracted 
without  difficulty,  lie  hydroquinone,  after  evaporation  of  the  ether,  is 
reoiddised  with  dichromate  or  ferric  chloride  and  the  quinone  steam-distilled. 
Purify  as  before. 

Properties. — 1.  Orange  yellow  needles,  M.P.  116°  (toluquinone,  M.P.  67**). 
All^-quinones  have  a  similar  characteristic  pungent  odour. 

2.  Easily  reduced  to  hydroquinones. 

3.  Form  additive  bodies  with  bromine,  hydroquinone,  phenol,  etc.,  when 
the  warm  petrol  solutions  are  mixed  and  cooled.  Phenoquinone  forms  fine 
deep  red  crystals. 

4.  Hydroxylamine  derivative  to  mtroso-compound.  Nitroso-benaene  from 
phenyl  hydroxylamine  (Bamberger,  B,  28,  1221). — ^An  ice-cooled  solution  of 
4*6  gms.  of  potassium  dichromate  is  added  quickly  to  a  freshly-made  ice-cooled 
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solution  of  4  gms.  of  phenyl  hydioxylamine  in  270  c.cs.  of  water  and  30  gms. 
strong  sulphuric  acid.  A  steam  boiler  being  ready  at  the  boil,  and  the  rest 
of  the  apparatus  prepared,  the  product  is  distilled  in  steam  without  delay. 
Deep  green  oily  drops  come  over,  changing  to  nearly  colourless  crystals  in  the 
receiver.    Filter  and  press  them  out  on  a  porous  plate,  then  wash  with  petroL 

Properties, — Colourless  crystals,  melting  at  67°'5  to  a  deep  green  liquid. 
Piercing  odour. 

The  above  colour  change  on  melting  (or  solidifying)  is  characteristic  of 
nitroso-bodies. 

B.    REDUCTIONS. 

1.  Aromatic  ketone  to  hydrocarbon  (Coombes,  J,C.S.,  1887, 1424).  Benzo- 
phencme  to  diphenyl  methane. 

(a)  By  hydriodic  acid. — Heat  a  mixture  of  5  gms.  of  benzophenone,  6  gms. 
of  hydriodic  acid  (B.P.  127°)  and  1  gm.  of  red  phosphorus  in  a  Carius  bomb- 
tube  (q.v.)  for  6  hours  at  160°.    Extract  the  product  repeatedly  with  ether,  . 
and  fractionate  after  distilling  off  the  ether.    B.P.  263°.    M.P.  27°. 

(h)  By  sodium  amalgam. — 20  gms.  of:  benzophenone  in  200  c.cs.  of  absolute 
alcohol  are  treated  gradually  with  400  gms.  of  2  %  sodium  amalgam  whilst 
the  whole  is  boiled  gently  on  the  water-bath  (reflux).  Separate  from  the 
mercury,  neutralise  exactly  with  sulphuric  acid,  distil  off  the  alcohol,  and 
rectify  the  residue  as  before. 

2.  Phenol  to  hydrocarbon. — This  is  readily  carried  out  by  mixing  with 
zinc  dust  and  distilling  dry.  All  phenols  are  thus  converted  to  their  corre- 
sponding hydrocarbons. 

See  also  anthracene  from  anthraquinone. 

3.  Reduction  of  unsaturated  to  saturated  body.  Ginnamic  acid  to  hydro- 
dnnamic  acid. — ^Make  a  solution  of  10  gms.  of  cinnamic  acid  in  exactly  the 
correct  amount  of  dilute  caustic  soda.  Keep  at  30°-35°  on  a  water-bath 
and  treat  with  200  gms.  of  2  %  sodium  amalgam  added  in  small  portions, 
shaking  well  after  each  addition.  As  the  action  proceeds  the  mixture  is  kept 
approximately  neutral  by  adding  dilute  hydrochloric  acid. 

When  the  action  is  over,  separate  the  mercury  and  run  the  liquid  into 
hydrochloric  acid  (50  c.cs.  strong  acid :  50  c.cs.  of  water).  The  required 
product  separates  first  as  an  oil  and  solidifies  on  cooling.  Recr3rstallise  from 
water.    M.P.  47°5. 
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CHAPTER  X. 

ABOHATIC  ALCOHOLS,  ALDEHYDS,  KETONES, 
AND  THEIR  DERIVATIVES. 

1.  Preparatioii  of  benzyl  alcohol,  Cfi^.CH^GEf  from  benzyl  chloride 

(Meunier,  BiiU.  8oc,  Ch.,  88,  159). — ^Boil  20  gms.  of  benzyl  chloride  under  a 
reflux  with  100  cos.  of  watei  and  15  gms.  of  potassium  carbonate.  When  the 
smell  of  benzyl  alcohol  has  gone  (6-7  hours)  extract  with  ether,  dry  with 
potassium  carbonate,  distil  off  the  ether  and  collect  the  fraction  200^-210^. 

Properties. — 1.  Colourless  liquid,  pleasant  odour.  B.P.  206-5^.  Miscible 
with  alcohol  and  ether.  Has  the  properties  of  an  aliphatic  alcohol ;  it  does 
not  at  all  resemble  phenol. 

2.  Warmed  with  strong  hydrochloric  acid  benzyl  chloride  is  formed  slowly. 

3.  With  strong  nitric  acid  it  is  oxidised  to  benzaldehyd. 

2.  Preparation  of  benzaldehyd,  CeHs.CHO.  (i)  From  benzyl  chloride, — 
Heat  together  under  a  reflux  30  gms.  of  benzyl  chloride  with  40  gms.  of  copper 
nitrate  in  250  c.cs.  of  water.    (Several  hours.) 

Distil  in  steam  till  no  more  oily  droplets  pass  over.  Extract  with  ether 
and  purify  in  the  usual  way,  or  convert  to  the  bisulphite  compound  and 
decompose  this  as  described  imder  aldehyds,  Part  I.  of  this  book.  Yield, 
18  gms.     The  copper  nitrate  acts  as  the  necessary  oxidising  agent. 

(ii)  From  benzol  chloride  by  direct  hydrolysvt. — To  50  gms.  of  benzal  chloride 
add  100  gms.  of  pptd.  calcium  carbonate  and  250  c.cs.  of  water.  Heat  to 
130^  in  an  oil-bath  (reflux).  Distil  in  steam,  shake  th^  distillate  with  saturated 
sodium  bisulphite,  filter,  wash  the  crystals  with  ether  and  distil  in  steam 
from  concentrated  sodium  carbonate  solution.  Extract  with  ether,  dry  the 
extract  with  calcium  chloride  and  distil  off  the  ether. 

Properties, — 1.  Colourless  liquid.  B.P.  179°.  Characteristic  smell  of 
bitter  almonds.    S.G.  1-05. 

2.  A  few  drops  exposed  to  the  air  on  a  watch-glass  are  soon  oxidised  to 
benzoic  acid. 

3.  It  gives  the  usual  reactions  of  an  aldehyd,  except  that  it  does  not 
readily  reduce  Fehling's  solution. 

4.  With  ammonia  it  acts  differently  from  fatty  aldehyds,  giving  hydro- 
benzamide,  (CeH6CH)3N2. 

5.  It  forms  oximes  and  hydrazones  in  the  usual  manner. 

6.  With  aniline  and  all  aromatic  amino-bodies  it  condenses,  forming  bodies 
such  as  benzal  aniline,  CeH5CH=NC0H5.  (Warm  the  mixture  on  a  water- 
bath  for  an  hour  and  filter.     Recrystallise  from  alcohol.) 

See  also  Malachite  green,  etc. 
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3.  Preparation  of  an  aldehyd  (tolyl  aldehyd)  by  the  Oattermann-Koch 
method  (B.  80,  1622 ;  81,  1149).— For  full  details  see  the  papers  quoted. 
The  process  consists  of  the  passage  of  a  mixture  of  pure  dry  carbon  monoxide 
(2  vols.)  and  hydrochloric  acid  (1  vol.)  through  30  gms.  of  freshly-distilled 
toluene  containing  45  gms.  of  powdered  aluminium  chloride  and  5  gms.  of  pure 
cuprous  chloride.  The  whole  is  stirred  mechanically  in  a  wide-necked  vessel. 
After  several  hours  the  viscous  product  is  cooled,  steam-distilled  and  the 
aldehyd  purified  by  the  bisulphite  method.  Yield,  20-23  gms.  B.P.  204*". 
The  active  agent  here  appears  to  be  formyl  chloride 

H-C<^ 
^0 

(unknown  in  free  state)  taking  part  in  a  Friedel-Craft  reaction. 

4.  Preparations  involving  reactions  of  bensaldehyd. 

(i)  Benzyl  alcohol  and  benzoic  add  by  Cannizzaio's  reaction  (R.  Meyer, 
B.  14,  2394). — Shake  up  2  parts  of  benzaldehyd  with  2  of  caustic  potash 
and  1  part  of  water  till  an  emulsion  is  obtained.  Set  aside  for  several  hours. 
Dissolve  the  solid  product  in  water.  Extract  twice  with  ether.  On  acidifying 
the  aqueoiM  solution  a  ppt.  of  benzoic  acid  is  obtained,  and  on  dr3dng  the 
ethereal  solution  (KjCO,)  and  fractionating,  benzyl  alcohol  is  the  product. 

2CeH5 .  CHO  +  KOH  =  C^U^  •  CH^OH  +  CeH^ .  COOK, 
(li)  Benzoin,        C^fls  •  CHOH 
CeHj.CrO 

Mix  10  gms.  of  benzaldehyd,  20  c.cs.  of  absolute  alcohol  and  2  gms.  of 
potassium  cyanide  in  8  c.cs.  of  water.  Boil  on  a  water-bath  (reflux)  for  30 
minutes.  Pour  into  a  small  beaker  and  cool.  Filter  the  crystals  and  wash 
with  alcohol. 

Properties, — Small  colourless  prisms.    M.P.  137. 

(iii)  Benzil  from  benzoin. — The  crude  benzoin  is  dried,  powdered  and 
heated  with  twice  its  weight  of  nitric  acid,  S.6.  1*4,  for  2  hours  on  a  water- 
bath.  When  the  brown  fumes  disappear,  pour  into  water,  filter  off  the 
deposited  crystals  and  recrystallise  from  alcohol. 

CeHs .  CH(OH) .  CO .  CeH^  +  0  =  H^O  +  (CeH^CO),. 

Properties. — 1.  Yellow  prisms,  M.P.  95°.    Insoluble  in  water. 

2.  Boiled  with  alcoholic  potash  a  violet  colour  is  obtained. 

3.  Fused  with  potash,  potassium  benzilate  results.  From  an  aqueous 
solution  of  this,  hydrochloric  acid  ppts.  benzilic  acid,  (CeH5)2C  .  OH .  COOH. 

(iv)  Chdme  and  hsrdrazone. — (See  Aliphatic  aldehyds.)    k  1 

(v)  Reaction  with  hydrocyanic  add.    Mandelie  nitrile  and  nuindelio  acid. — 

To  40  c.cs.  of  saturated  sodium  bisulphite  solution  add  12  gms.  of  benzaldehyd. 

Stir  till  the  addition  product  crystallises  and  filter  on  the  pump.    Wash  with 

a  little  water,  stir  the  crystals  with  a  solution  of  10  gms.  of  potassium  cyanide 

in  20  c.cs.  of  wat^r.     Separate  the  oil  which  forms. 
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CeHgCH .  OH .  SOaNa  +  NaCN  =  CeHjCH .  OH .  CN  +  NaHSO,. 

The  nitrile  is  hydrolysed  to  mandelic  acid  by  adding  to  4  times  its  volume  of 
strong  hydrocloric  acid  and  evaporating  to  crystallisation  on  a  water-bath* 
Cool,  extract  with  ether  and  sJlow  the  ether  to  evaporate.  Recrystallise 
from  benzene. 

Properties. — Colourless  crystals.  M.P.  118**.  It  may  be  resolved  into  its 
optically  active  forms.  (See  p.  335  and  Lewkowitsch,  B.  16,  1569,  17, 
2723.) 

d-mandeUc  acid, — Prepare  a  culture  medium  of  0'5  gm.  each  of  K2HPO4, 
NaCl  and  NH4NO3  in  one  litre  of  water  ;  add  a  little  of  the  acid,  acidify  with 
H3PO4  and  sterilise  in  a  cotton-wool-plugged  flask.  Infect  with  j)enicillium 
glaucum,  and  after  a  few  weeks  in  a  warm  room,  concentrate,  acidify,  extract 
with  ether,  evaporate  and  recrystallise  from  water.  M.P.  133°.  [off  =  + 
156^-5.    (See  pp.  483-8.) 

Umcmdelic  acid. — The  d-acid  is  destroyed  by  Schizomyceles. 

/\-0H 

5.  Preparatioii  of  SalicylaL 

Ij— CHO 

Tietnann  and  Reimer's  reaction  {B,  9,  423,  824,  etc.). — Mix  100  gms.  of 
caustic  soda,  100  gms.  of  water  and  30  gms.  of  phenol  in  a  round-bottomed 
flask  fitted  with  a  reflux  and  a  thermometer.  Warm  to  65°  and  gradually 
add  chloroform  (75  gms.),  not  allowing  the  temperature  to  rise  above  70°. 
When  all  the  chloroform  has  been  added  boil  for  30  minutes,  distil  ofl  the 
chloroform  on  a  water-bath,  dilute  the  residue  with  water,  acidify  with 
hydrochloric  acid,  and  distil  in  steam.  The  o-body  distils,  the  p-body 
remains  behind  as  a  solid.  Extract  the  distillate  with  ether  and  separate 
as  usual.  The  residue  from  this  is  treated  with  bisulphite  and  the  additive 
compound  washed  with  alcohol  and  warmed  with  dilute  sulphuric  acid. 
The  liberated  aldehyd  is  extracted  with  ether,  dried  over  calcium  chloride, 
and  the  ether  distilled  off.    Yield,  20-25  gms.     B.P.  196°. 

CeHjOH  +  CHa,  +  .  H^O  =  CJS^ .  (OH) .  CHO  +  3Ha. 

PropeHies.—l.  Colourless  oil.    M.P.  20°  ;  B.P.  196°  ;  S.G.  117. 

The  residue  from  the  first  steam  distillation  is  filtered  whilst  hot  through 
a  folded  filter.  The  filtrate  is  cooled  and  extracted  with  ether.  On  evapora- 
ting the  extract,  yellow  star-shaped  crystals  of  the  ^compound  are  obtained. 
Recrystallise  from  water.    Yield,  2-3  gms.    M.P.  115°. 

6.  Preparation  of  aeeiophenone,  benzophenone,  etc. — These  may  be  made 
from  benzene  and  the  required  acid  chloride  by  Friedel  and  Craft's  sjrnthesis 
(see  p.  355).  Add  the  aluminium  chloride  to  the  benzene,  cool  with  ice  and 
add  the  acid  chloride  dropwise  from  a  tap-funnel  through  the  reflux.  Stand 
for  an  hour  after  the  reaction  is  over,  then  stir  and  pour  into  a  beaker  of  ice 
and  water.  Extract  the  dark  oil  with  benzene,  separate,  wash  the  extract 
with  sodium  carbonate,  then  with  water.  Dehydrate  and  distil  off  the 
benzene.  Rectify  the  residue,  collecting  at  196°-200°  for  acetophenone, 
390°-300°  for  benzophenone, 
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CHAPTER  XI. 

PBEPABATION  OF  ABOHATIC  ACIDS  AND  THEIR 
DERIVATIVES. 

1.  Preparation  of  an  acid  by  oxidation  of  a  side-chain  to  carboxyL — (See 
Chapter  IX.) 

2.  Preparation  of  benzoic  acid  from  benzo-trichloride. 

cX  .  Ca^  +  2H,0  =  3HCI  +  CeHj  .  COOH. 

Heat  benzo-tricUoride  with  some  excess  of  milk  of  lime  (reflux)  till  it  goes 
into  solution.  Acidify  with  hydrochloric  acid,  filter  and  purify  the  pptd. 
benzoic  acid  as  already  described.     (Illustrates  the  manufacturing  process.) 

3.  Preparation  of  an  acid  from  a  nitrile. — The  nitrile,  obtained  by  Sand- 
meyer's  reaction,  is  boiled  (reflux)  with  moderately  strong  sulphuric  acid 
(3  vols,  acid :  2  vols,  water).  Purify  by  recrystallisation,  extraction,  etc., 
according  to  properties  of  acid.    (Usually  recrystallise  from  boiling  water.) 

4.  Preparation  of  an  acid  by  Grignard's  reagent. — Treat  the  required  reagent 
with  carbon  dioxide  as  fully  explained  in  Part  I.,  p.  352. 

5.  Esterification. — Best  carried  out  with  aromatic  acids  by  Fischer  and 
Speier's  method,  q.v.  p.  320. 

Alternatively,  from  the  acid  chloride.  Benzoyl  chloride  and  many  other 
aromatic  acid  chlorides  are  remarkably  stable  to  cold  water,  and  esterification 
is  readily  carried  out  by  mixing  the  alcohol  with  the  acid  chloride  and  carefully 
adding  caustic  soda  till  the  smell  of  the  chloride  disappears.  Separate  the 
ester  by  the  usual  methods. 

This  is  known  as  the  Schotten-Banmann  reaction,  and  it  is  very  useful 
for  identifying  alcohols  by  preparing  quickly  a  small  quantity  of  the  benzoic 
eater  and  finding  its  boiling-point.     (See  also  preparation  8  below.) 

6.  Preparation  of  acid  chlorides. — By  the  action  of  phosphorus  penta- 
chloride  on  the  acid.  40  gms.  of  PCI5  are  placed  in  a  250  c.c.  distilling  flask, 
a  reflux  fitted  and  22  gms.  of  benzoic  or  a  corresponding  amount  of  other  acid 
added  through  the  reflux. 

Fractionate  the  product  (POCI3  boils  at  lOO""). 

Benzoyl  chloride  boils  at  200^.  It  scarcely  reacts  with  cold  water,  but 
benzoic  acid  is  formed  after  heating  for  some  time. 

7.  Preparation  of  benzamide  from  benzoyl  chloride. — Grind  in  a  mortar 
a  few  grams  of  benzoyl  chloride  with  twice  as  much  solid  ammonium  carbonate. 
Heat  on  a  water-bath  till  the  smell  of  benzoyl  chloride  disappears.    Dilute 
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with  cold  water,  filter  and  recrvstallise  the  product  from  hot  water.  M.P. 
128^ 

8.  Preparation  of  benzanilide,  C^Hs .  CO .  NH .  CeHs.— Mix  5  gms.  of  benzoyl 
chloride  and  6  gms.  of  aniline  in  a  basin  with  sufficient  caustic  soda  solution 
to  maintain  an  alkaline  reaction.  The  ppt.  of  benzanilide  is  quantitative. 
Filter  and  wash  with  (a)  dilute  hydrochloric  acid,  (h)  water,  and  recrystallise 
from  alcohol.    M.P.  163''. 

A  similar  reaction  occurs  with  hydroxyl,  -NH,  and  «NH  groups  and 
affords  a  rapid  preparation  of  benzoyl  derivatives.  (See  preparation  5  above, 
and  B.  (1886)  19,  3219.) 

9.  Prepantiion  of  salicylic  acid  from  phenol.  Kolbe's  reaction,  J.  pr.  Ch. 
2)10,95;   81,397. 

/OH 
CeHgONa  +  COj-CeH^v 

^CO^a 

Perfectly  dry  sodium  phenate  is  obtained  by  dissolving  12  gms.  of  pure  caustic 
soda  in  12  c.cs.  of  water  and  stirring  in  28  gms.  of  phenol.  The  basin  being 
clamped,  evaporate  carefully  to  dryness  with  vigorous  stirring  all  the  time. 
Grind  up  the  product  in  a  mortar  and  transfer  to  a  200  c.c.  tubulated  retort. 
A  tube  passes  through  the  tubulus,  guarded  by  a  calcium  chloride  tube. 
Heat  the  retort  in  an  oil-bath  to  120^  and  draw  dry  air  through  by  attaching 
the  neck  to  an  aspirator  pump.  Shake  out  the  product  whilst  hot,  powder 
it  finely  again  and  put  it  back  in  the  retort.  Pass  in  perfectly  dry  carbon 
dioxide  at  110^,  the  delivery-tube  being  close  to  the  phenate  in  the  retort. 
In  the  course  of  4  hours  raise  the  temperature  gradually  to  190^,  occasionally 
stirring  up  the  mass  with  a  glass-rod.  Finally  heat  for  an  hour  at  200^  and 
allow  to  cool.  Transfer  the  powder  to  a  beaker  (without  disturbing  the 
sublimate  of  phenol  in  the  neck  of  the  retort),  wash  out  the  retort  with  cold 
water  and  add  to  the  contents  of  the  beaker.  Ppt.  the  free  acid  by  rendering 
acid  with  strong  hydrochloric.  Filter  the  pph  when  cold,  wash  with  cold 
water  and  recrystallise  from  hot  water. 

Properties, — 1.  White  crystalline  needles.  Soluble  in  hot  water  and  in 
alcohol.    M.P.  159^ 

2.  Sublimes  at  200°  with  decomposition. 

3.  Heated  with  soda-lime,  phenol  is  produced. 

4.  Bromine  water  ppts.  a  tri-bromo  derivative  as  with  phenol. 

5.  Ferric  chloride,  even  with  very  dilute  solutions,  gives  a  violet  colora- 
tion discharged  by  sulphuric  acid. 

6.  The  acid  and  its  methyl  ester  are  excellent  antiseptics. 

7.  The  acid  (or  a  salt)  heated  with  a  few  drops  of  methyl  alcphol  and 
strong  sulphuric  acid  gives  the  characteristic  smell  of  methyl  salicylate  (oil 
of  wintergreen). 

10.  Preparation  of  salicylic  acid  (and  p-oxy  benzoic  acid).— When  phenol 
is  heated  with  carbon  tetrachloride  and  caustic  soda  a  reaction  analogous  to 
that  of  Tieman^n  and  Reimer  (p.  383)  takes  place.  Heat  together  the  reagents 
as  there  described  ;  distil  off  excess  of  tetrachloride,  pass  in  carbon  dioxide 
to  decompose  phenate  and  extract  the  phenol  with  ether.  Ppt.  the  acids 
with  strong  hydrochloric  acid.    Filter  and  recrystallise  from  hot  water, 
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11.  Preparation  of  phthalimide  from  phthalio  anhydride. — ^Pass  dry  am- 
monia gas  over  heated  phthalic  anhydride  in  a  boiling  tube  fitted  with  a  cork 
carrying  a  long  entrance  and  a  short  exit  tube.  Heating  in  an  oil-bath,  raise 
the  temperature  slowly  from  130°  to  230''  during  an  hour.  Crystallise  from 
ether. 

Properties,—!,  White  needles.    M.P.  233"^.    (See  also  p.  328.) 
2.  It  undergoes  the  Hofmann  reaction  with  alkaline  hypobromite,  giving 
an  amino  acid.    (See  next  preparation.) 

12.  Preparation  of  anthranilic  acid  from  phthalimide  (Hoogewerf  and  van 
Dorp,  Rec,  trav.  Ch,,  P-B,  8,  173). — 5  mols.  of  potash  (in  10%  aqueous 
solution)  and  1  mol.  of  bromine  are  mixed  carefully  (with  cooling)  and  1  mol. 
of  phthalimide  is  added  slowly.  Cool  and  shake.  Add  2  more  mols.  of  10  % 
potash  and  warm  for  10  minutes.  Acidify  with  acetic  acid  and  add  excess 
of  copper  acetate.  The  copper  salt  separates  on  standing.  Suspend  this, 
after  filtering  and  washing,  in  hot  water  and  decompose  by  saturating  with 
hydrogen  sulphide.    Filter  and  crystallise  the  filtrate. 

Properties, — 1.  Crystals,  M.P.  145°.    Soluble  in  water, 
2.  Employed  in  the  synthesis  of  indigo. 
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CHAPTER  XII. 

SOHE  DIPOBTANT  CONDENSATION  REACTIONS. 

1.  Ciimamic  acid  from  benxaldehyd.  Perkin's  reaction. — (See  J.C.S., 
1868,  21,  53 ;  1877,  789,  and  the  chapter  on  Perkin's  reaction  in  Spirit 
of  Orgcmic  Chemistry ^  Lachmann  (Macmillan  and  Co.) ). 

C.H5CHO  +  CHaCO^a— ^(^•^?|-  ^^  •  ^^^Na^^^^^g^ .  CH :  CH .  CO^a 

Acetic  anhydride  is  used  as  the  condensing  agent.  * 

Heat  together  2  parts  of  benzaldehyd,  3  of  acetic  anhydride  and  1  of 
powdered  anhydrous  sodium  acetate,  in  a  flask  fitted  with  a  long  wide  tube 
as  reflux,  and  inmiersed  in  an  oil-bath  at  180^.  After  8  hours  pour  whilst 
hot  into  a  large  flask  containing  excess  of  dilute  sodium  carbonate  and  distil 
ofl  unchanged  benzaldehyd  in  steam.  Filter  (boil  with  animal  charcoal  if 
necessary,  and  filter  again)  and  add  hydrochloric  acid.  Cinnamic  acid  is 
pptd.  Recrystallise  from  hot  water.  Yield,  70  %  of  theory. 
Colourless  prisms.    M.P.  ISS"". 

Similarly,  substituted  benzaldehyds  may  be  condensed  with  the  sodium 
salt  of  any  fatty  acid  with  two  hydrogen  atoms  in  the  primary  group. 

2.  Preparation  of  coumarin  (o-hy^xy  oinnataiie  lactone)  (Perkin,  A.  147, 
203). — ^Make  some  o-hydroxy  cinnamic  acid  by  Ferkin's  reaction  from  salicylal 
and  sodium  acetate.  On  liberating  the  acid  from  its  sodium  salt  the  lactone 
forms  spontaneously. 

Properties, — Colourless  crystals.  M.P.  67°.  Fragrant  and  aromatic 
odour  (meadow-sweet). 

3.  Preparation  of  a  phthalein.    PheruA  phthdeln. 

/CO  /<c;hIoh. 

Cfi/    >0+2C.H50H  =  CeH/   Nq 

Heat  5  gms.  of  phthalic  anhydride,  10  gms.  of  phenol  and  4  gms.  of  strong 
sulphuric  acid  in  a  boiling  tube  in  an  oil-bath  at  115*'-120**  for  8  hours.  Pour 
the  hot  mass  into  cold  water  in  a  basin,  boil  ofl  excess  of  phenol  and  filter 
from  the  insoluble  powder.  This  is  washed  and  dissolved  in  dilute  caustic 
soda,  filtered  from  insoluble  matter  and  the  filtrate  acidified  with  acetic 
acid.    On  standing  overnight  phenol  phthalein  separates.    Filter  and  dry. 
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Purify  by  solution  in  alcohol  and  boiling  with  animal  charcoal  (very  little). 
Filter  hot,  wash  the  residue  with  hot  alcohol  and  evaporate  filtrate  and 
washings  somewhat  on  a  water-bath.  Add  8  times  the  volume  of  cold  water, 
filter  quickly  from  the  resinous  matter  which  is  thereby  pptd.,  drive  off  the 
rest  of  the  alcohol  and  set  aside  to  crystallise.  Yield,  2^  gms.  Used  aq 
an  indicator.     (See  also  chapter  on  Dyes.) 
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CHAPTER  XIII. 

PBEPABAHON  OF  DYES. 

A.    AZO  DTES. 

BiAZONiUM  salts,  in  addition  to  the  reactions  already  described,  may  be 
"  coupled  "  with  the  j»-po8ition  (usually)  of  phenols,  amines,  etc.,  giving  rise 
to  the  so-called  azo  dyes. 

/SO,Na       . .  /SO,Na 

E.g.  C^/  +<        >N(CH,),=C,h/  .^ 

^N.OH      ^^ ^  ^N:N-<^         >N(CH,V 

methyl  orange. 
Examples  will  now  be  described  : 

1.  p-Hydroxy-aaEO-benzene,  OH .  CA .  N  :  N .  CA.— Add  the  solution  of 
diazobenzene  chloride  to  the  theoretical  quantity  of  phenol  dissolved  in 
caustic  soda.  Stand  overnight  and  then  salt  out  with  common  salt.  Filter 
on  the  pump  and  wash.    An  orange  dye  is  obtained. 

2.  Hellanthin  (methyl  orange.  Orange  m.)  [Reaction  above]  .—Dissolve 
10  gms.  of  sulphanilic  acid  in  a  solution  of  2*1  gms.  of  anhydrous  sodium 
carbonate  in  100  c.cs.  of  water.  Diazotise  by  adding  (1)  4  gms.  of  sodium 
nitrite  in  20  c.cs.  of  water,  cooling  to  0^  and  (2)  6  gms.  of  strong  hydrochloric 
acid  in  6  c.cs.  of  water.  ^  this  is  added  a  solution  made  by  dissolving 
7  gms.  of  dimethyl  aniline  in  6  c.cs.  of  strong  hydrochloric  acid  to  20  c.cs.  of 
water.  The  whole,  after  thorough  stirring,  is  rendered  alkaline  with  caustic 
soda  and  salt  added  to  assist  pptn.  of  the  dye  stuff.  Filter  at  the  pump  and 
recrystallise  from  hot  water. 

NH, 
I 

3.  Biimarok  Brown.  ^N-N /        \ ^NIL 

I 

Prepared  by  dissolving  m-phenylene  diamine  in  hydrochloric  acid  and  adding 
sufficient  sodium  nitrite  to  diazotise  both  the  amino  groups  on  one-third  of 
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the  weight  of  diamine  taken.    The  dye  stuff  may  be  salted  out  with  common 
salt. 

NH, 

s_N :  N— <^         ^— NH3CL 


4.  Chrysoidine. 


CH, 


Diazotise  aniline  in  hydrochloric  acid  solution  and  add  the  requisite  quantity 
of  w-toluylene  diamine  in  hydrochloric  acid  solution.    Salt  out  as  before* 

OH 

r 


S03Na<(^         )>— N:N< 
5.  Orange  n. 


Dissolve  17*3  gms.  of  sulphanilic  acid  in  the  right  amount  of  caustic  soda. 
Cool  with  ice  and  dilute  to  500  c.cs.  Add  30  c.cs.  of  strong  hydrochloric  acid 
and  diazotise  as  usual  (7  -2  gms.  NaNO^).  The  diazo  salt  will  begin  to  separate. 
Now  add  gradually  to  a  solution  of  ^-naphthol  in  4*5  gms.  of  caustic  soda  and 
15  c.cs.  of  water,  which  has  abo  been  cooled  and  diluted  to  150  c.cs.  Stir 
thoroughly,  stand  an  hour.    Salt  out  and  filter  at  the  pump. 

B.    TRI-PHENYL  METHANE  SERIES. 

1.  Preparation  of  tri-phenyl  methane  (the  parent  substance),  (Cfi^)iCH^ 
by  Friedel-Craft's  reaction. — Mix  100  gms.  of  benzene  and  20  gms.  of  chloro- 
form. Stand  overnight  with  calcium  chloride.  Filter  into  a  flask,  fit  a  reflux 
(wide  tube)  and  add  slowly  15  gms.  of  powdered  aluminium  chloride  with 
constant  shaking.  Boil  for  half  an  hour.  Cool  and  pour  into  cold  water. 
Separate  the  upper  layer  of  the  methane  solution  in  benzene,  dehydrate,  with 
calcium  chloride,  distil  off  the  benzene  on  a  water-bath  and  then  carry  on  with 
a  free  flame  till  200°  is  reached.  Now  change  the  receiver  and  distil  in  vacuo 
till  no  more  di-phenyl  methane  comes  off  and  the  process  slackens.  The 
receiver  is  again  changed  and  the  tri-phenyl  methane  distilled  in  vacuo.  It 
comes  over  as  an  oil  and  crystallises  in  the  receiver.  Recrystallise  from 
benzene  and  drive  off  the  benzene  of  crystallisation  at  100°.  Yield,  14  gma. 
Colourless  plates,  M.P.  92°. 

2.  Malachite  Green  (J.iS.O./.,  1887,  433). 


.— ch/ 


_^  N(CH,), 

(a)  Preparation  of  the  leuco-base,      \ /    ^"\/        \wCH  ) 

0.  Fischer,  A.  206,  83,  122).— Mix  60  gms.  of  dimethyl  aniline,  20  gms.  of 
benzaldehyd  and  20  gms.  of  fused  zinc  chloride.  Heat  for  4  hours  in  a 
porcelain  basin  on  a  water-bath,  stirring  frequently.     The  viscous  mass  is 
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detached  and  transferred  to  a  500  c.c.  flask  by  means  of  boiling  water ; 
unchanged  reagents  are  distilled  ofi  in  steam  and  the  water  in  the  flask 
poured  away.  The  leuco  base,  which  is  a  viscous  mass  sticking  to  the  flask, 
is  washed  with  water,  dissolved  in  hot  alcohol  and  filtered.  Stand  overnight 
and  filter  off  the  crystals,  wash  with  alcohol  and  dry  in  air  on  filter-paper. 
Concentrate  the  liquor  for  a  second  crop. 

^C,H,N(CH,), 

<>  — C  OH 
/  N* 

Xh«n(ch,), 

The  leuco-base  obtained  above  is  dissolved  in  hydrochloric  acid  of  4N  strength 
(10  parts  of  the  base  require  2*7  parts  of  anhydrous  HCl).  Dilute  in  a  large 
flask  with  800  parts  of  water  ai^  add  gradually,  with  constant  stirring,  a 
thin  paste  of  7-5  parts  of  freshly-pptd.  lead  dioxide  with  water.  After  5  min- 
utes ppt.  soluble  lead  by  10  parts  of  sodium  sulphate  in  50  of  water.  Filter 
off  the  lead  sulphate  and  chloride.  Treat  the  filtrate  with  8  parts  of  zinc 
chloride  in  the  minimum  of  water  and  then  add  saturated  brine.  Filter  off 
the  dye  stuff,  redissolve  and  salt  out  again.  Dry  in  a  basin  on  a  water-bath. 
The  actual  dye  stuff  is  derived  from  the  colour-base  by  the  elimination  of 
water  from  the  hydrochloride  with  formation  of  a  quinonoid  structure. 

^  .CeH,N(CH3)^Cl  ^  y""^--.N(CH8).Cl 

and  the  final  product  is  the  double  salt  with  zinc  chloride 
SC^HttN^  +  2Zna2  +  H^O. 
3.  Rosanilme  (Kagenta,  Fuchsine). 

I 

CHs 

10  gms.  of  aniline,  40  gms.  of  commercial  toluidine  (36  %  p^  rest  o)  and 
35  gms.  of  cone,  hydrochloric  acid  are  mixed  in  a  250  c.c.  flask.  28  gms.  of 
nitrobenzene  are  added  (as  oxidiser)  and  heated  to  100°  in  an  oil-bath.  At 
this  temperature  add  gradually  1*6  gms.  of  iron  filings  dissolved  in  hydrochloric 
acid.  Fix  an  upright  tube  as  reflux  and  heat  to  180**  for  several  hours  till 
a  portion  of  the  melt  taken  out  on  a  glass-rod  solidifies  completely  when  cold. 
Now  fit  an  ordinary  condenser,  steam-distil  any  unchanged  reagents  and 
treat  the  remainder  with  200  c.cs.  of  boiling  water  in  a  large  beaker.  Add 
hydrochloric  acid  till  distinctly  acid.  Then  add  12  gms.  of  salt,  boil  and 
pour  off  the  solution  from  the  insoluble  residue.  This  last  is  broken  up, 
powdered  and  extracted  with  much  boiling  water  rendered  acid  with  hydro- 
chloric acid.  Filter  and  set  aside  to  cool.  Filter  again  if  necessary.  Finally 
salt  out,  filter  and  recrystallise. 
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The  colour-base  (colourless)  may  be  pptd.  by  adding  ammonia  to  the 
magenta  solution,  whilst  sulphur  dioxide  reduces  it  to  the  leuco-base  (Schiff's 
reagent). 

4.  Pararosaniline,  as  above,  using  |?-toluidine  only. 

B.  CrysW  Violet.       (CH.)^-<;3/^~\=/~^^^^'^*^'' 

The  formation  can  be  illustrated  by  warming  a  miztore  of  a  little  Michler's 
ketone,  dimethyl  aniline  and  phosphorus  ozychloride  to  100°.    When  the 
colour  changes  to  blue  pour  into  water  and  a  fine  violet  tint  is  obtained. 
6.  Methyl  violet  B.    (/.iS.C.Z.,  1887, 434). 


/=\        /<         >NH(CH,) 
C1(CH,).N=<         y=C(    >==< 

75  gms.  of  salt  and  50  gms.  of  copper  sulphate  are  powdered,  well  mixed 
and  40  gms.  of  phenol  and  10  c.cs.  of  water  are  added  and  well  stirred.  Then 
add  100  gms.  of  dimethyl  aniline  and  heat  in  a  small  flask  on  a  water-bath 
for  8  hours  to  55^.  Pour  into  a  basin  containing  3  litres  of  water,  containing 
milk  of  lime  made  from  40  gms.  of  quick-lime  and  200  c.cs.  of  water.  Decant 
the  solution  of  salt  and  phenate,  and  extract  with  boiling  dilute  sidphuric 
acid.  Filter  from  CaS04  ^^^  ^  ^^^  filtrate  add  pure  sodium  sulphate  to 
ppt.  the  dye.    Filter,  wash,  dissolve  and  salt  out  again  from  solution. 


C.    PHTHALEINS. 

These  may  really  be  regarded  as  tri-phenyl  methane  derivatives.  The 
preparation  of  one  of  them,  phenolphthalein,  has  been  dealt  with.  This  is 
not  a  dye,  however.    The  others  are  similarly  prepared. 


.<30H 


1.  Rnoresoein.  ^'^^^K        /^ 

CO— 0    ^/       >0H 


<Z>^ 


Mix  intimately  in  a  mortar  10  gms.  of  phthalic  anhydride  and  15  gms.  of 
resorcinol.  Transfer  to  a  small  glazed  jar  (an  extract-of-meat  pot  answers 
excellently)  and  heat  in  an  oil-bath  to  180"*.  At  this  temperature  add  4  gms. 
of  powdered  zinc  chloride  with  thorough  mixing  and  continue  heating  till 
the  mass  solidifies.  Cool,  chip  out  the  melt  with  a  cold  chisel,  grind  in  a 
mortar,  boil  with  150  c.cs.  of  water  and  10  c.cs.  of  hydrochloric  acid  to 
remove  basic  zinc  chloride.  Filter,  wash  and  dry  the  insoluble  fluorescein. 
A  red  powder  is  obtained,  soluble  in  alkalis. 
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2.  Eosin  (Baeyer,  A.  188,  38). — By  treating  fluorescein  with  bromine,  a 
tetrabromo  body  is  foimed  (Eosin). 

Br    Br 

I        I 

co^  c< 


> 


OH 


i 


L 


Place  15  parts  of  fluorescein  in  a  flask,  pour  on  to  it  60  parts  of  95  % 
alcohol  and  add  33  parts  of  bromine,  drop  by  drop,  from  a  separating  funnel. 
Shake  frequently.  Stand  for  2  hours,  filter,  wash  ppt.  with  alcohol  and  dry 
it  at  110°  in  an  oven. 

The  ammonium  or  potassium  salts  are  used  for  dyeing,  as  eosin  itself  is 
insoluble. 

The  ammonium  salt  is  obtained  by  placing  some  880  ammonia  in  a  dish, 
covering  with  stout  blotting  paper,  and  on  it  spreading  out  the  eosin  in  a  thin 
layer.  The  whole  is  covered  with  a  bell- jar  and  left  for  some  hours.  The 
product  should  be  completely  soluble  in  water. 

The  sodium  or  potassium  salt  is  made  by  mixing  with  the  carbonate 
required,  covering  with  water  and  heating  on  the  water-bath.  Boil  the  product 
with  alcohol,  filter  and  crystallise. 


3.  Qomisarin, 


CO    OH 


v-^/V' 


.CO. 


OH 


and 
Alizarin. 


/\/     \/\0H. 

\/\co/\/ 


These  bodies,  derivatives  of  anthraquinone,  can  be  obtained  by  condensations 
with  phthalic  anhydride,  using,  for  quinizann,  hydroquinone  (5  parts), 
phthaUc  anhydride  (20  parts)  and  strong  sulphuric  acid  (100  parts  to  10  of 
water)  at  170*"  for  3  hours  and  then  at  200**  for  1  hour. 

Alizarin  similarly,  using  pyrocatechol. 

These  methods  are  now  of  historical  and  theoretical  interest  only.  The 
following  methods  illustrate  large-scale  processes. 

(a)  Qoioizariii  (English  patent,  973  of  1894).— A  mixture  of  10  parts  of 
anthraquinone,  10  of  crystallised  boric  acid  and  200  of  strong  sidphuric  acid 
is  heated  in  a  flask.  At  260**-280**  an  energetic  reaction  commences.  When 
the  evolution  of  sulphur  dioxide  has  ceased,  the  reaction  is  complete.  (Avoid 
heating  too  long  or  purpurin  will  be  formed.) 

Pour  the  cooled  product  into  water,  filter  off  the  quinizann  and  purify  by 
solution  in  alkali  and  repptn.  with  acid. 

[b)  Alizarin  from  sodium  ^-anthragninone  monosulphonate.  (i)  Anthra- 
quinone from  anthracene. — 20  gms.  of  anthracene  are  mixed  with  200  c.cs.  of 
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glacial  acetic  acid  and  boiled  in  a  flask  fitted  with  a  reflux.  During  an  hour 
add  gradually  a  solution  of  40  gms.  of  chromic  acid  in  150  gms.  of  glacial 
acetic  acid  and  20  of  water.  Cool,  pour  into  much  water,  leave  for  an  hour 
and  Alter  ofl  the  anthraquinone.  Wash  with  dilute  sulphuric  acid  and  then 
with  water.    Dry  and  purify  by  sublimation.    Yield,  20  gms. 

YeUow  needles,  M.P.  285^ 

Note. — On  the  large  scale  the  oxidation  is  done  in  aqueous  solution,  but 
requires  about  16^  hours  at  95°. 

(ii)  Preparation  of  sodium  ^-anthraquinone  monostdphonate. — Sulphonate 
powdered  anthraquinone  with  an  equal  weight  of  fuming  sulphuric  acid  of 
S.6.  2  (50%  anhydride)  in  a  round-bottomed  flask,  heated  to  160**  in  an 
oil-bath  during  1  hour.  Allow  the  product  to  flow  very  slowly  (care !)  into 
much  boiling  water,  filter  from  unchanged  anthraquinone,  neutralise  the 
filtrate  with  soda  and  cool.  Most  of  the  salt  separates  in  silvery  leaflets,  but 
concentration  of  the  liquor  gives  a  further  yield. 

(iii)  Oxidation  of  the  sulphonate  to  alizarin  (Perkin,  J.S,C,L,  1888,  213). — 
A  mixture  of  10  parts  of  the  sulphonate,  30  of  caustic  soda,  2  of  potassium 
chlorate  and  40  of  water  is  heated  in  an  autoclave  for  20  hours  to  170°.  Cool, 
extract  the  melt  several  times  with  boiling  water,  and  then  acidify  the  extract 
with  strong  hydrochloric  acid  whilst  boiling.  Cool,  filter  off  the  alizarin, 
wash,  press  and  dry  at  120°. 

Properties. — 1.  Yellow  powder,  M.P.  289°.  Readily  soluble  in  alcohol. 
Sublimes. 

2.  Readily  soluble  in  alkalis  t6  a  deep  red  solution. 


D.    INDIGK). 
Heumann's  synthesis  of  indigo.    (B.  1890,  28,  3432.) 


Reactions. 


COOH 


COOH 


NHjj  Cl.CHjj 


\y 


Fusion  with  potash  converts  this  to  indoxyl, 


-NH.CHj.COOH 

-COOH. 
OH 


\, 


CH 


NH/ 


which  on  oxidation 


indigo 


(i)  Preparation  of  phenyl  glycine  o-carhoxylic  add. — ^33*6  gms.  of  anthranilic 
acid  ♦  and  94  gms.  of  chloracetic  acid  are  dissolved  in  100  c.cs.  of  water  and 
11 '2  gms.  of  potash.    Heat  under  a  reflux  on  a  water-bath  to  60°-80°  for  2 

*  For  synthesis  of  this,  see  p.  386. 
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hours.  Neutralise  with  hydrochloric  acid  and  set  aside.  Filter  o£E  the  acid, 
and  recrystallise  from  hot  water ;  work  up  the  mother-liquor  for  a  second 
crop.    M.P.  200°. 

(ii)  Indoxyl  and  indigo. — 1  part  of  this  acid  and  3  parts  of  potash  are 
fused  in  a  metal  basin  with  stirring.  Regulate  temperature  carefully  between 
180**  and  200°.  When  the  colour  no  longer  deepens  pour  the  melt  into  200 
CCS.  of  water.  Oxidise  by  drawing  a  rapid  current  of  air  through  the  liquid, 
in  a  flask)  by  means  of  a  filter-pump.  When  no  more  indigo  separates  from 
a  filtered  t^  portion  on  similar  treatment,  filter,  wash  with  water,  hydro- 
chloric acid,  alcohol  and  dry. 

Properties, — 1.  Dark  blue  powder,  coppery  lustre.    Insoluble  in  water. 

2.  May  be  recrystalUsed  from  aniline  or  parafi&n,  or  sublimed. 

3.  Soluble  in  warm  strong  sidphuric  acid  (sulphonic  acid). 
The  parent  substance  of  the  indigo  group  is 


Indol  (Benzopyrrol)  CeH^/ J^%CH. 


Properties, — 1.  White  crystalline  substance.  M.P.  50°.  Not  very  soluble 
in  cold  water,  but  readily  in  hot  water,  alcohol  and  ether.  Possesses  a  char- 
acteristic odour  and  is  volatile  in  steam. 

2.  It  gives  a  violet-blue  colour  with  sodium  nitroprusside,  changing  to 
blue  on  adding  acetic  acid. 

3.  Pine-shaving  test. — Moisten  a  pine  shaving  with  cone.  HCl  and  place 
it  in  a  test-tube  at  the  bottom  of  which  is  a  small  quantity  of  alcoholic  indol 
solution.  ^Shake  to  moisten  the  shaving,  take  out  the  latter  and  stand  for  a 
few  minutes  or  dry  on  a  water-bath.  A  bright  red  colour  appears  on  the 
shaving.  This  test  is  characteristic  of  pyrrol  (C4H5N,  liquid  of  B.P.  133°) 
and  many  indol  derivatives. 

Skatol  has  similar  properties.  It  is  )3-methyl  indol,  the  same  hydrogen 
atom  being  replaced  as  in  indoxyl.     (M.P.  120°,  p.  394.) 

Indican  (urinary).  See  p.  299.  Do  not  confuse  with  the  glucoside 
(p.  326). 

Tryptophane  (Indol  a-amino-propionic  acid),  CnH^^NsOs.  This  is  an 
important  decomposition  and  hydrolysis  product  of  proteids  (Emil  Fischer, 
Hopkins  and  Cole). 

Properties, — 1.  White  crystalline  solid.  M.P.  252°,  but  decomposing  above 
this  to  indol  and  skatol,  etc. 

2.  Gives  a  purple  colour  in  the  pine-shaving  test  in  alcoholic  or  aqueous 
solution. 
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CHAPTER  XIV. 

NAPHTHALENE  DERIVATIVES. 

1.  Preparation  of  the  mono-snlphonic  acids. 


(a) 


-SOaH 


(13) 

\y\y  \/\y 

SOsH 

Heat  60  gms.  of  sulphuric  acid  on  a  water-bath  in  a  long-necked  flask.  Gradu- 
ally add  50  gms.  of  powdered  naphthalene,  a  few  grams  at  a  time.  If  the 
13  acid  is  required,  the  temperature  is  now  raised  to  160°  (oil-bath)  for  several 
hours.  If  the  a  acid  is  required  continue  for  6  hours  at  80°  on  the  water-bath. 
Dissolve  the  crude  product  in  1500  c.cs.  of  water,  filter  from  unchanged 
naphthalene,  heat  to  boiling  and  neutralise  with  a  slight  excess  of  the  carbonate 
of  lead,  barium  or  calcium.  Filter  the  boiling  liquid,  first  through  a  cloth  and 
then  through  a  filter  (hot-water  funnel).  On  cooling,  the  )3-salt  cr3rstallise8. 
Evaporate  to  half  bulk  for  a  second  crop  ;  evaporate  the  liquor  from  this  till 
it  is  semi-solid ;  this  is  chiefly  the  )3-salt.  To  purify  the  a  from  the  )3,  boil 
with  85  %  alcohol  in  which  the  a  is  readily  soluble. 

In  the  cold,  the  a  salt  (Pb)  dissolves  in  27  parts  of  water  or  11  of  alcohol. 

The  sodium  salt  is  prepared  by  suspending  the  lead,  etc.,  salt  in  boiling 
water  and  adding  the  right  amount  of  sodium  carbonate.  Filter  and 
crystallise. 

The  free  acid  is  obtained  as  for  benzene  sulphonic  acid  {q,v.  p.  356). 

2.  Preparation  of  a  and  /S  ni^^lithob* — Fuse  45  gms.  of  caustic  soda  and 
2  c.cs.  of  water  in  an  iron  or  nickel  basin.  Stir  with  a  thermometer  protected 
by  a  small  glass-tube  over  the  bulb.  (Care  of  eyes  and  hands !)  At  280^ 
add  15  gms.  of  the  sodium  sulphonate,  sprinkling  it  in  slowly  and  keeping  the 
temperature  at  280^.  Raise  to  300^,  and  when  frothing  ceases,  to  310^. 
When  the  mass  separates  into  two  layers  and  darkens,  pour  out  on  to 
a  clean  tile.  When  cold  dissolve  in  water.  Acidify  with  hydrochloric 
acid  (1 : 1)  and  filter  ofl  the  pptd.  naphthol.  RecrystalUse  from  boiling 
water. 

Properties.— I.  a-naphthol :  M.P.  95** ;  B.P.  282^  ^-naphthol :  M.P. 
122** :  B.P.  288^ 
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2.  With  ferric  chloride  a-naphthol  gives  a  flocculent  violet  ppt.,  ^-naph- 
thol  a  gieen  coloration  and  a  ppt.  of  ^S-di-naphthol. 

3.  Preparation  of  a-nitro-naphthalene  (Witt,  Chem.  Ind.,  1887,  216).— 
Mix  8  parts  of  cone,  nitric  acid  (S.Q.  1  '4)  with  10  parts  of  cone,  sulphuric  acid. 
Place  in  a  round-bottomed  500  c.c.  flask  and  sprinkle  in  slowly,  with  constant 
shaking,  10  parts  of  finely-powdered  naphthalene.  Do  not  allow  the  tempera- 
ture to  rise  above  50°  until  the  end,  when  it  is  raised  to  60°,  and  the  mass 
poured  into  cold  water.  The  nitro-naphthalene  sinks  and  is  separated, 
washed,  and  any  naphthalene  present  is  steam-distilled  off.  The  residue  is 
again  separated  and  allowed  to  solidify.  M.P.  61°;  B.P.  304°;  S.G. 
1-33. 

It  is  used  for  making  a-naphthy1amine. 

4.  Preparatkm  of  a-naphihylamiiie  (Witt,  Chem,  Ind.,  1887,  215).— 
80  gms.  of  fine  iron  filings,  4  gms.  of  strong  hydrochloric  acid,  and  40  c.cs.  of 
water  are  placed  in  a  round-bottomed  flask  and  heated  to  50°.  60  gms.  of 
a-nitro-naphthalene  are  added  a  little  at  a  time  with  constant  stirring.  The 
temperature  is  kept  at  70°-80°.  When  all  is  added, 'shake  and  continue 
till  there  is  no  further  rise  of  temperature.  Now  heat  to  90°  until  a  test 
portion  will  dissolve  clearly  in  hydrochloric  acid  (no  nitro-naphthalene  left). 
Now  make  alkaline  by  milk  of  lime,  cool  and  filter  on  the  pump.  Dry  on  the 
pump  as  far  as  possible,  transfer  to  a  small  retort  connected  air-tight  to  a 
distillation  flask  as  receiver  and  distil  in  vacuo  with  a  small  flame.  First 
water  comes  over,  then  the  amine.  Dry  the  solidified  mass  by  filter-paper 
and  redistil. 

Properties.— I,  M.P.  48°  ;  B.P.  300°.  Almost  insoluble  in  water.  Soluble 
in  dilute  hydrochloric  acid. 

^-naphthylamine  is  prepared  from  ^-naphthol  by  treatment  with  zinc 
chloride  dissolved  in  ammonia.    (B.  1880, 18,  1300.) 

SO,H 

5.  Preparation  of  naphthionic  add. 

NH, 

(Neville  and  Winther,  J.C.8.  (87)  632).— Heat  1  part  of  a-naphthylamine 
with  5  parts  of  strong  sulphuric  acid  to  180°  (and  no  higher  I)  on  an  oil- 
bath,  till  a  test  portion  dissolves  completely  in  alkali.  Pour  into  water, 
neutralise  with  caustic  soda  and  salt  out  the  sodium  salt.  Filter,  dry  at  100° 
and  extract  with  alcohol  to  remove  any  naphthylamine.  It  is  employed 
in  the  manufacture  of  various  dyes,  notably  Congo-red.  This  is  illustrated 
below. 

To  make  phenyl-azo-naphthionic  add  (Congo  red),  dissolve  2*5  parts  of 
naphthionic  acid  in  strong  sodium  acetate  solution.  Cool,  and  add  diazo- 
benridene  chloride  (from  0*9  parts  of  benzidene,  2*5  of  hydrochloric  acid, 
50  of  water,  and  0*65  of  sodium  nitrite  in  15  of  water). 

The  sodium  salt  is  red,  the  free  acid  blue. 
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NH, 

I 

SOaNa  SO,Na 

FORMULA  OF  CONGO  BED. 

Fast  red  A  ia  made  by  coupling  diazotised  naphthionio  acid  with 
^-naphthol. 

6.  Preparation  of  m^^hthoqainone. — As  for  anthraquinone,  p.  393. 

1.  Naphthoquinone  sublimes  in  the  form  of  yellow  needles.  It  dissolves 
with  difficulty  in  alcohol  and  ether,  giving  golden  yellow  solutions  which 
exhibit  a  beautiful  green  fluorescence  when  dilute. 

2.  Its  solution  reduces  ammoniacal  silver  oxide  on  boiling. 

3.  Boiled  with  nitric  acid  in  the  presence  of  silver,  it  is  oxidised  to  silver 
phthalate,  which  is  deposited  on  cooling  in  the  form  of  rhombic  crystals. 


Digitized  by 


Google 


CHAPTER  XV. 

SOME  HErnSBO-CTCIIC  BODIES. 

•     A.    PYRIDINE  GROUP. 

Pyridine  itself  (B.P.  116**)    is  not  easily  synthesised,  but.  an  important 
derivative  readily  prepared  is  coUidine,  1,  3,  5  tri-methyl  pyridine, 

CHa 


1.  Preparation  of  collidine  (Hantzsch,  A,  (1882),  215, 1). 

CHa 

I- 

(i)  Dihydro-coUidine-dicarboxylic  e8tet\  *         |  *  "* 

H 

A  mixture  of  25  gms.  of  aceto-acetic  ester  and  8  gms.  of  freshly  made  aldehyd 
ammonia  are  heated  to  100^-110^  in  a  small  beaker,  for  3  minutes,  stirring 
with  a  thermometer.  Then  treat  the  warm  mixture  with  about  an  equal 
volume  of  dilute  hydrochloric  acid,  S.Q.  1'05.  Stir  till  it  solidifies.  Powder, 
put  on  a  filter  (pump),  wash  with  dilute  hydrochloric  acid  and  dry  at  100^. 
Purify  if  required  by  recrystallisation  from  alcohol. 

Properties. — M.P.  131**.    Colourless  tablets  with  bluish  fluorescence. 

(ii)  Oxidation  of  above  to  coUidine'dicarboaiylic  ester. — The  crude  ester 
obtained  in  (1)  is  treated  with  an  equal  volume  of  alcohol  in  a  small  flask. 
It  partly  dissolves.  Lead  in  nitrous  fumes  (from  arsenious  oxide  lumps  and 
strong  nitric  acid)  which  have  been  passed  through  an  empty  wash-bottle. 
Cool  the  flask  with  water,  and  continue  till  all  the  ester  has  gone  into  solution. 
Evaporate  the  alcohol  on  a  water-bath,  render  alkaline  with  sodium  carbonate 
solution  and  extract  the  separated  oil  with  ether.  Dry  the  extract  with 
a  little  solid  potash,  evaporate  the  ether  and  distil  the  residue. 

Properties. — Yellow  oil.    Boils  at  290**-310**  for  following  preparations. 

(iii)  Potassium  coUidine  dicarhooDyUUe. — Hydrolyse  the  crude  ester  obtained 
in  (ii)  by  boiling  1  part  of  the  ester  with  2  of  potash  and  3  of  alcohol  for 


Digitized  by 


Google 


400  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

5  hours  on  a  water-bath  (reflux).  Cool,  pour  off  the  alcoholic  liquor,  filter, 
and  wash  the  product  with  alcohol,  ether  and  then  dry. 

(iv)  CoUidine  by  lime  distUlcUion, — Mix  the  dry  potassium  salt  from  (iii) 
with  twice  its  weight  of  slaked  lime.  Place  in  the  closed  end  of  a  combustion 
tube  50  cms.  long.  Make  a  passage  above  the  contents  by  gently  tapping  the 
tube  in  a  horizontal  position,  and  then  put  in  a  wad  of  asbestos  to  keep  the 
contents  in  place. 

Heat  in  a  furnace  tilted  so  that  the  tube  inclines  downward  slightly,  the 
tube  being  connected  by  an  adapter  to  a  receiver.  Start  the  heating  at  the 
closed  end,  gradually  turning  on  the  burners  till  the  whole  is  heated  strongly. 

Extract  the  distillate  with  ether,  dry  with  potash,  distil  off  the  ether  and 
rectify. 

Properties, — 1.  Yellow  green  liquid  with  disagreeable  odour.    B.P.  172**. 

2.  It  has  the  properties  of  a  tertiary  base. 

B.    PYRAZOLE  GROUP. 

2.  Preparation  of  anti-pyrine,  l-phenyl-2,  3-di-methyl  pvrazolone.  (Enorr, 
A,  288,  137.)  ^ 

CHj.C — ^N\  ' 

In  the  cold  mix  aceto-acetic  ester  with  phenyl  hydrazine  in  molecular  pro- 
portions. Heat  to  100°  (reflux).  Alcohol  is  eliminated  and  phenyl-methyl- 
pyrazolone  is  formed.  Add  enough  alcohol  to  dissolve  it,  add  1  molecular 
proportion  of  methyl  iodide  and  digest  again  on  the  water-bath.  Decolorise 
by  passing  in  sulphur  dioxide,  distil  off  the  alcohol  and  separate  the  base 
(a  heavy  oil)  by  making  alkaline  with  strong  caustic  soda.  Recr3r8tallise 
from  toluene. 

Properties. — 1.  Colourless  crystals.  M.P.  113**.  Readily  soluble  in  water 
or  alcohol. 

2.  Strong  basic  properties  (monacid). 

3.  Aqueous  solution  gives  a  red  colour  with  ferric  chloride,  blue-green 
with  nitrous  acid. 

4.  It  is  a  valuable  febrifuge. 


C.    QUINOLINE  GROUP. 


3.  Preparation  of  quinoline. 


\N/ 


(Skraup's  synthesis). 


/^ 


Reactums. 


+     CHOH      — 
-NH,         I 

CHjOH 


+  4HjO. 


V/\N/ 
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In  a  1^  litre  flask  ipix  38  gms.  of  aniline,  24  of  nitro-benzene  and  120  of 
glycerol.  Add  with  stirring  100  gms.  of  sulphuric  acid,  attach  a  long  air- 
cooled  reflux  and  heat  on  a  gauze  till  a  reaction  sets  in  (10-15  minutes). 
Remove  the  flame  and  allow  the  reaction  to  finish.  Now  boil  gently  for  2-3 
hours  on  a  sand-bath.  Dilute  the  dark  product,  after  cooling,  with  water. 
Remove  nitro-benzene  by  steam-distilling  and  make  the  residue  alkaline 
with  strong  caustic  soda  solution.  Distil  off  the  quinoline  (and  aniline)  in 
steam.  Treat  the  whole  of  the  distillate  with  dilute  sulphuric  acid  till  the 
two  layers  disappear  and  excess  of  acid  is  present.  Cool  well,  add  sodium 
nitrite  till  starch  iodide  paper^tums  blue  with  a  test-drop  and  boil  on  a  water- 
bath.  The  aniline  is  thus  changed  to  phenol.  Now  make  alkaline  again  and 
steam-distil.  Extract  the  distillate  with  ether,  evaporate  ofl  the  ether  from 
the  extract  and  distil  the  residue  at  237°.    Yield,  40  gms. 

Properties, — 1.  Pale  yellow  oil.  Insoluble  in  water,  soluble  in  organic 
solvents. 

2.  Acts  as  a  tertiary  base,  giving  chlor-platinate,  and  a  quaternary  salt 
with  alkyl  iodides. 

3.  A  solution  of  bromine  in  chloroform  gives  a  ppt.  of  the  dibromide. 

D.    PURINE  GROUP. 

Properties  of  uric  acidy  C5H4N4O3,  the  chief  member. 

1.  White  crystalline  solid,  charring  with  decomposition  on  heating ; 
nearly  insoluble  in  water,  insoluble  in  organic  solvents.  The  alkali  salts  are 
slightly  soluble  in  warm  water,  especially  that  of  lithium.  Hence  the  acid 
dissolves  on  boiling  with  alkaline  hydroxides  or  carbonates  though  not  readily. 

2.  Reduces  Fehling's  solution  on  boiling  (use  the  sodium  salt). 

3.  Gives  the  murexide  test  (see  p.  407). 
For  Alkaloids,  see  p.  406. 
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BOOK   V. 
ORGANIC   ANALYSIS. 

PART  L 

QUALITATIVE  ORGANIC  ANALYSIS. 

Ik  organic  qualitative  analy&is,  it  is  impossible  to  give  a  definite  systematic 
scheme  such  as  we  have  in  inorganic  chemistry.  This  is  partly  owing  4o  the 
enormously  varied  natuie  of  organic  bodies,  and  partly  to  the  fact  that  we 
are  not  dealing  with  reactions  between  ions.  The  student  therefore  will 
be  thrown  on  his  own  resources  and  knowledge.  The  wider  his  experience 
of  different  compounds,  the  easier  he  will  find  it  to  identify  and  separate 
mixtures  of  organic  substances. 

We  may  place  the  reactions  on  a  systematic  basis  to  some  extent  as 
follows : 

Ctoieral  Testa. 

I.  Heat  in  an  ignition  tube  and  on  a  piece  of  porcelain  or  platinum  foil, 
noting  all  odours  evolved,  colour  changes,  gases,  and  the  nature  of  residues. 

II.  Detection  of  the  elements,  C,  H,  0,  N,  S,  P,  halogens,  metals, 
ni.  Treat  with  water  and  both  red  and  blue  litmus. 

IV.  Action  of  caustic  soda  solution  (a)  cold,  (b)  hot. 

V.  Heat  with  soda-lime. 

VI.  Treat  with  mineral  acids  (dilute  hydrochloric ;  strong  sulphuric). 

VII.  Treat  with  bromine  water ;  also  with  alkaline  permanganater  (von 
Baeyer's  reagent). 

VIII.  Treat  with  ferric  chloride  solution. 

IX.  Treat  with  sodium  bisulphite,  Fehling's  solution  and  ammoniacal 
silver  oxide. 

X.  Determine  naelting  and  boiling  points,  and  specific  gravity. 

XI.  Apply  special  tests  and  confirmatory  experiments. 

It  should  be  understood  that  these  reagents  will  frequently  give  negative 
tests,  and  that  a  given  reagent  does  not  always  act  in  the  same  manner. 
Usually,  however,  by  the  time  the  first  nine  tests  have  been  applied,  a  good 
idea  will  have  been  obtained  as  to  the  class  of  substance  to  which  the  body 
belongs. 
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The  above  tests  are  carried  out  as  follows  and  lead  to  the  general  results 
indicated. 

Test  I. — Heat  about  half  a  gram  in  an  ignition  tube,  and  another  small 
portion  on  porcelain  or  platinum  foil,  with  full  access  to  the  air. 

(i)  The  substance  melts,  boils  and  distils  unchanged.  Little  information 
is  given  here.    The  smell  of  the  vapour  may  be  some  guide. 

(ii)  A  residue  on  the  porcelain  or  foil  is  almost  certainly  a  metallic  carbonate 
(Na  or  K),  oxide  or  metal  (Ag,  Pt). 

(iii)  Substance  melts  and  chars.  Usually  water  and  various  vapours  are 
evolved. 

(a)  Smell  of  burnt  sugar.    Carbohydrates.    Tartrates. 

(b)  Smell  of  burnt  cotton.    Cellulose.    Citrates. 

(c)  Smell  of  burnt  wool.    Some  nitrogenous  bodies,  e.g,  alkaloids. 

(d)  Smell  of  ammonia.    Various  nitrogen  compoimds,  especially  urea, 

guanidine. 
Test  IL — The  tests  for  the  elements  are  carried  out  as  follows  : 
Carbon  cmd  hydrogen, — ^Mix  intimately  with  copper  oxide  and  heat  in  an 
ignition  tube.    Carbon  dioxide  and  water  are  evolved. 

Halogens. — Thoroughly  oxidise  a  piece  of  copper  gauze.  Place  on  it  a 
small  piece  of  the  substance  and  heat  in  the  flame.  A  fine  blue-green  flame 
indicates  a  halogen.  To  see  which,  mix  intimately  with  pure  quick-lime 
and  heat  very  strongly  in  a  small,  hard  glass  test-tube.  Cool,  extract  with 
dilute  nitric  acid  and  test  the  Altered  solution  with  silver  nitrate. 

Stdphur,  phosphorus,  nitrogen, — Heat  the  substance  in  a  small,  hard  glass 
ignition-tube  with  a  smaU  piece  of  freshly-cut  sodium  ;  gently  at  first,  finally 
as  strongly  as  possible. 

Phosphorus  forms  sodium  phosphide. 
Sulphur  „  „      sulphide. 

Nitrogen        „  „      cyanide. 

Dip  the  hot  tube  into  a  few  c.cs.  of  cold  water  in  a  basin  (care  !  unchanged 
sodium). 

A  smell  of  PHj  is  observed.    Phosphorus. 

Dip  a  silver  coin  into  the  solution.  A  black  stain  ;  sulphur.  Filter  the 
solution  and  add  1  c.c.  of  caustic  soda  and  1  c.c.  of  freshly-made  ferrous 
sulphate  solution  and  boil. 

6NaCN  +  Fe(OH),= Na4Fe(CN)e  +  2NaOH. 

Add  1  drop  of  ferric  chloride  solution  and  dissolve  the  ppt.  by  adding  excess 
of  dilute  hydrochloric  acid.  A  ppt.  of  prussian  blue,  or  a  blue  (or  green) 
coloration  =  nitrogen. 

Note. — The  presence  of  sulphur  may  interfere  with  this  test,  as  NaCNS 
is  formed.  This  gives  a  red  colour  with  ferric  chloride,  so  that  both  nitrogen 
and  sulphur  are  detected  at  once.  The  formation  of  thio-cyanate  is  by  no 
means  certain,  however  ;  it  is  best  to  use  an  excess  of  sodium  in  any  case. 

The  same  solution  as  above  will,  if  sulphur  be  present,  give  a  fine  purple 
coloration  with  dilute  sodium  nitroprusside  solution;  it  may  also  give  a 
smell  of  HgS  if  warmed  with  dilute  hydrochloric  acid.  (Try  lead  acetate 
paper.) 
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Castellana  {Oaz.  Ghim,  It.  1904,  84  (2)  d59)  recommends  a  mixture  of 
2  parts  of  potassium  carbonate  and  1  of  magnesium  powder,  instead  of 
sodium. 

Oxygen, — There  is  no  test  for  oxygen.  The  only  way  to  prove  its  presence 
(apart  from  decomposition  products,  readily  recognised  groupings  containing 
it,  etc.)  is  to  make  a  complete  quantitative  analysis  of  the  other  elements 
foxmd.  If  the  percentages  do  not  add  up  to  100,  then  the  difference  will  be 
oxygea.  This,  however,  will  not  be  necessary  in  ordinary  work  in  identifying 
known  substances.  It  may  be  necessary  in  the  analysis  of  a  newly  discovered 
body. 

After  having  noted  the  general  appearance  of  the  body  and  carried  out 
tests  I.  and  II.,  a  fair  idea  of  the  nature  of  the  body  should  have  been  obtained. 
The  results  of  test  II.  may  be  sunamarised  by  dividing  bodies  into  the  following 
classes,  according  to  their  composition. 

1.  Bodies  containing  C  and  H  (and  0)  only. 

2.  „  „  C,  H  and  N .  (0)  only  (sometimes  halogen  also). 
3. '      „             „         C,  H,  and  halogens. 

4.  „  „         C,  H,  andS. 

5.  „  „  C,  H,  N,  8. 

6.  „  „         P,  As,  etc.,  are  rarely  met  with. 

Note, — Coloured  bodies  may  be  : 

Quinones,  diketones,  nitro-bodies,  aniline  (due  to  impurity),  azo  bodies, 
nitroso-compounds,  dyes,  etc.,  etc. 

Confirmatory  tests  and  physical  constants  have  been  fully  discussed  under 
the  preparation  of  each  substance. 

Caan  I.— Containing  C,  H,  (0)  only. 

Test  m. — Shake  the  substance  with  water.    Warm  if  nothing  happens. 
Test  with  both  blue  and  red  litmus, 
(i)  Soluble  in  cold  toater, 

(a)  Acid  reaction.    The  lower  acids  as  formic,  acetic,  etc.,  oxalic,  tartaric, 

etc. ;  oxy-acids  as  lactic. 

(b)  Neutral  reaction.    Alcohols,  a  few  esters,  polyhydric  phenols,  aldehyds, 

ketones,  sugars. 

(ii)  Soluble  in  hot  umier,  not  very  soluble  in  cold, — Some  aromatic  acids, 
monohydric  phenols,  starch. 

(iii)  Insoluble  in  water ,  or  only  slightly  dissolved, — ^Higher  acids,  phenols, 
most  esters,  hydrocarbons  (acid  chlorides  and  anhydrides  gradually  react). 
Ethers. 

^^st  17. — To  the  substance  add  cold,  fairly  strong  caustic  soda  solution. 
Warm.    Afterwards  render  acid  with  hydrochloric. 

(i)  The  substance  dissolves  in  the  cold, — ^Acids,  phenob,  pseudo-acids. 
Hydrochloric  acid  reppts.  aromatic  acids,  phenols,  etc. 

A  phenol  and  an  acid  may  be  distinguished  by  treatment  with  sodium 
carbonate.     The  acid  only  causes  evolution  of  COj. 

A  carboxylic  acid  should  be  heated  with  soda-lime,  and  the  resulting 
hydrocarbon  (or  derivative)  may  be  recognised. 
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(ii)  The  substance  is  acted  upon  slowly,  dissolving  on  warming,  with  or 
without  decomposition. 

(a)  OnginaOy  had  afavndy  acid  reaction.    Lactones,  esters,  anhydrides. 
(6)  Neutral  reaction.    Some  sugars  and  most  aldehyds  turn  brown, 
(iii)  No  action. — Esters,  hydrocarbons,  higher  alcohols. 
Teit  VL — ^Add  dilute  SCI  to  the  substance  and  boil  for  some  time.    Cool, 
(i)  Salts  of  aromatic  acids  give  a  ppt.  of  the  corresponding  acid, 
(ii)  Silver  and  lead  salts  give  a  ppt.  of  the  chloride, 
(iii)  Esters  and  acid  derivatives  will  be  decomposed  gradually.    Note 
whether  the  smell  of  acetic  or  benzoic  acid  becomes  noticeable. 
(Acetyl  or  benzoyl  derivatives.) 
If  solid,  heat  with  strong  sulphuric  acid. 

(i)  If  no  charring  takes  place  and  (a)  CO  alone  evolved  :  Formic  acid  and 

salts,  ferrocyanides,  lactic  acid  and 
salts. 
„         „      „         „       „      (6)  CO +  COj  are  evolved:  Oxalic  acid 

and  salts. 
„         „      „         „        „      (c)  Pungent  vapours  of  acids :  Acetate, 

butyrate,    some    aromatic    acids, 
phenols,  some  esters. 
In  case  of  acid  smell,  add  a  drop  of  alcohol  and  warm  again.    Some  char- 
acteristic ester  may  be  noted. 

(ii)  Slow  charring  and  evolution  of  CO  and  CO^.    Citric  acid  and  salts, 
(iii)  Sapid  charring. 

(a)  Evolution  of  CO  and  CO,.    Tartrates. 

(b)  Ditto,  with  smell  of  burnt  sugar,  pungent  vapours,  SO^  etc. 

Carbohydrates.  * 

(c)  No  gases  evolved.    Polyhydric  phenols  and  derivatives. 

Teft  VIL — ^Bromine  water  is  decolorised  in  the  cold  by  all  unsaturated 
bodies,  without  evolution  of  HBr.  Baeyer's  reagent  is  also  decolorised  (ppt. 
of  MnO^)  by  unsaturated  bodies,  also  by  formic  acid,  aldehyds,  and  aliphatic 
oxy  acids. 

Test  VnL — ^Add  ferric  chloride  solution  to  the  neutral  solution  of  the 
body. 

(a)  Reddish  coloration ;  ppt.  on  boiling  (basic  salt).  Formic  and  acetic 
acids  and  salts. 

(b)  Intense  colours  (greens,  violets,  purples)  from  all  phenolic  derivatives. 

(c)  Deep  yellow  colour.    Lactic,  citric,  tartaric  acids. 

Test  DL — ^Aldehyds  and  ketones  all  give  crystalline  ppts.  with  sodium 
bisulphite  (saturated  solution). 

Aldehyds  reduce  Fehling's  solution  and  give  a  silver  mirror  when  boiled 
with  ammoniacal  silver  oxide.    Ketones  do  not. 

Test  Z«-r-If  the  class  of  body  has  been  discovered,  its  melting  or  boiling 
point  should  be  found.    This  serves  to  distinguish  the  members  of  a  class. 

In  the  case  of  sugars,  whose  melting  points  are  not  reliable,  the  osazone 
should  be  made  and  its  melting  point  found. 
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Class  n.— Containing  C,  H»  N,  (0). 

Particularly  noticeable  either  by  smell  or  appearance  are  : 

Acetamide,  amines,  nitrobenzene,  aniline  and  dimethylaniline,  nitro- 
phenols,  azo-bodies,  pyridine,  indol. 

Ttet  nL— Water  and  litmns.    (i)  Soluble  in  cold  water, 

(a)  Acid, — Nitro-phenols.    Salts  of  weak  bases  as  aniline. 
(&)  Alkaline, — ^Aliphatic  amines.    Aromatic  diamines, 
(c)  Neutral, — Salts    of   aliphatic    amines.    Some     amino-acids    and 
phenols. 

(ii)  Soluble  in  hot  water, — Some  amides.  Some  purine  derivatives. 
Nitraniline,  acetanilide. 

(iii)  Insoluble  or  very  sparingly  soluble. — Uric  acid  group,  nitric  esters, 
nifcro-derivatives,  aniline  and  aromatic  amines,  alkaloids,  proteids,  nitriles, 
and  iso-cyanides,  higher  amides  and  'oximes,  hydrazones,  urethanes, 
benzanilide,  etc. 

Test  IV. — Caustio  alkali  test,  (i)  Bodies  insoluble  in  water  dissolving 
readily  in  cold  caustic  soda, — Nitro-acids  and  nitro-phenols  (generally  with 
intense  coloration).    Some  oximes,  uric  acid,  etc. 

(ii)  Bodies  evolving  ammonia  {or  amines)  on  unarming. — ^Ammonium  salts, 
amides,  aldehyd-ammonlks,  salts  of  aliphatic  amines. 

(iii)  Bodies  evolving  ammonia  gradually  on  prolonged  boiling, — ^Amides, 
nitriles,  imides,  urethanes,  nitramines,  derivatives  of  soluble  aliphatic 
amines. 

(iv)    Bodies  from  which  an  ir^oluble  base  separates, 
(a)  In  the  cold, — Salts  of  aromatic  amines,  etc. 
•      (6)  On  boiling, — ^Acetyl,  benzoyl,  etc.,  derivatives  of  insoluble  amines, 
e,g,  acetanilide. 

Test  VI.— (i)  Dilate  Hd,  cold,  then  hot. 

(a)  The  body  dissolves, — ^All  basic  bodies,  as  amines,  hydrazines,  alkaloids. 
Hydrochlorides  are  formed. 

(6)  The  body  hydrolyses, — Most  oximes  and  hydrazones,  higher  amides, 
acylamino  acids  {e,g,  hippuric),  in  which  case  the  aromatic  acyl  group  if  present 
will  be  pptd.  on  continued  boiling. 

(ii)  Strong  H^4. — Not  very  conclusive  results  in  this  class.  Bases  form 
sulphates,  and  some  bodies  undergo  sulphonation. 

Test  Vn. — ^Bromine  water. — ^Unsaturated  bodies  decolorise  it;  diazo- 
bodies,  amines  and  some  azo-bodies  give  ppts. 

Test  IX. — ^Ammoniaoal  silver  oxide.    Fehling's  solution. 

(a)  Positive  results  indicate  reducing  agents,  e,g,  substituted  hydrazines. 

(b)  Boil  the  body  with  hydrochloric  acid,  neutralise  and  test  again. 
Positive  results  indicate  hydrazones,  oximes,  semi-carbazones,  osazones, 
which  yield  reducing  agents  on  hydrolysis. 

Test  XL — Of  special  importance  is  the  biuret  test. — Heat  the  substance 
carefully  till  water  is  evolved  and  the  mass  tends  to  solidify.  Cool  and  add 
a  few  drops  of  water,  a  drop  of  copper  sulphate  and  some  caustic  soda  solution. 
A  violet  or  pinkish  coloration. 

Urea. — Proteins  as  a  class. 
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Murezide  test. — Evaporate  a  little  of  the  body  with  a  few  c.cs.  of  strong 
nitric  acid  (water-bath).  An  orange  or  red  residue  remains  which  turns  tQ  a 
fine  purple  with  ammonia.    Uric  acid,  alloxan  and  all  the  purine  derivatives. 

Class  m. — ^Bodies  containiiig  C,  H,  (0).    Halogens. 

Find  which  halogen  is  present. 

The  following  have  characteristic  smells  : 

Chloroform,  iodoform,  chloral  and  chloral  hydrate,  chloracetic  acid. 

Ttet  nL— Water  and  litmus,  (i)  Soluble  in  cold  water.  Acid  reaction, — 
Aliphatic  halogen-substituted  acids  and  aldehyds.  Neutral  reaction, — ^Halogen- 
substituted  alcohols. 

(ii)  Soluble  in  hot  water.  Acid  reaction, — ^Aromatic  halogen  acids.  Sub- 
stituted phenols.    (Differentiate  with  sodium  bicarbonate.) 

(iii)  Insoluble  in  waJter, — ^Halogen-substituted  hydrocarbons,  esters  of 
halogen-substituted  acids,  substituted  ketones,  ethers,  etc. 

(iv)  Bjead  with  water  and  evolve  hydrochloric  add, — ^Acid  chlorides  (some 
very  slowly). 

Ttet  IV. — Caustio  soda  ;  oold»  then  hot. 

(a)  If  the  body  is  soluble  in  water,  similar  results  to  those  of  Class  I.  are 
obtained. 

(6)  If  the  body  is  insoluble  in  water  it  is  better  to  use  alcoholic  alkali 
and  a  reflux. 

Halogen-substituted  hydrocarbons,  NaCl,  etc.,  pptd.  at  once,  and  an 
unsaturated  hydrocarbon  is  evolved. 

Very  slow,  or  no  action.  Saturated  aromatic  halogen  compounds.  In 
any  case,  boil  with  alcoholic  silver  nitrate.  Aliphatic  iodine  derivatives  and 
acid  halides  rapidly  cause  a  ppt.  of  silver  halide. 

Substituted  esters,  acids,  ketones,  a-halo-aromatic  acids,  chlorine-  and 
bromine-substituted  side-chain  bodies  produce  a  ppt.  slowly. 

In  general,  the  class  of  body  to  which  the  compound  belongs  may  be 
found  as  in  Class  I. 

Class  IV.— Bodies  containing  C,  H,  8. 

These  bodies  are  limited  in  number.    We  may  expect : 

Sulphonic  acids  and  salts  ;  sulphites,  sulphates,  sulphides  ;  mercaptans, 
sulphuric  acids,  sulphoxides,  sulphones ;  sulphonal ;  thiourea  and  allied 
bodies ;  thio-carboxyUc  acids,  esters  and  salts ;  thiophenates  (sulphocarbolates). 

Test  DL— Water  and  litmus,    (a)  Soluble. 

(i)  Add  reaction. — Soluble  sulphonic  acids ;  some  thio-carboxylic  acids, 
(ii)  Neutral  reaction, — Salts  of  the  above  acids.  Aliphatic  sulphoxides. 
(iii)  Alkaline  reaction. — Sulphine  base. 

(6)  Insoluble, — ^Alkyl  sulphates  and  sulphites  (decompose  very  readily), 
mercaptans,  sulphides. 

Ttet  IV. — Caustio  soda. 

(i)  Readily  soluble, — ^Acids  as  above.    Mercaptans. 

(ii)  Hydrdysis  occurs, — ^Alkyl  sulphites  and  sulphates ;  thio-substituted 
esters. 

Heated  with  solid  soda-lime,  sulphonic  acids  give  phenols  or  alcohols. 
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Test  XL  Special  tests.— There  is  nothing  here  of  great  importance.  Note, 
however,  that  should  halogen  be  present  in  addition  to  the  elements  already 
noted  in  this  group,  we  are  probably  dealing  with  sulphonchlorides,  of  which 
the  chloride  of  benzene  sulphonic  acid  is  most  commonly  met  with. 

Class  V.    Bodies  containing  C»  H,  (0)»  N,  S. 
This  class  comprises : 

Thio-urea ; .  thio-  and  isothio-cyanates  (smell  like  mustard  oil) ;  nitro- 
and  amino-sulphonic  acids  {e,g.  sulphanilic  acid) ;    sulphonamides  and  sul- 

.SO,. 
phonimides  (e.g.  saccharin,  CJH4<(  yNH). 

\co/   • 

Test  nL  Water  and  litmus. 

(a)  Soluble  in  cold  tDoter. — Thio-urea.  Thio-cyanic  acid  salts.  Some 
nitro-sulphonic  acids.    Saccharin  (very  sweet). 

(6)  Soluble  intpa/rmioater. — ^Amino-sulphonic  adds.    Lower  sulphonamides. 

(c)  Insoluble. — Thio-cyanic  and  isothio-cyanic  esters. 

The  remainder  of  the  tests  will  give  results  that  will  be  sufficiently  obvious 
if  positive  results  are  obtained. 

DETECnON  OF  ALKALOIDS. 

These  are  optically  active  solids  (Nicotine  and  coniine  liquids)  with  bitter 
tastes  and  mostly  poisonous.  They  are  bases,  rather  insoluble  in  water,  but 
forming  soluble  salts  in  acids,  from  which  NH4OH  reppts.  them. 

Note. — Solutions  of  quinine  sulphate,  nitrate,  phosphate  and  acetate  show 
a  blue  fluorescence,  destroyed  by  HCl. 

Apply  the  f  oUowing  tests  to  the  alkaloid  to  be  identified. 

1.  Add  either  iodine  in  KI,  potassium  mercuric  iodide  soltn.  or  phospho- 
molybdic  acid — ^all  give  ppts.  Amm.  molybdate  in  cone.  H2SO4  gives 
colorations. 

2.  To  a  portion  of  the  dry  substance  on  a  white  tile  add^strong  HNO,. 
An  orange-red  colour,  destroyed  by  NajSjO,  or  SnCl,^  -     ^Morphine. 
An  intense  red  colour,  turned  violet  by  Na^^gO,  or  SnCl,  «  Brucine. 
No  colour Strydmine,  Quinine. 

3.  To  a  portion  of  the  dry  substance  on  a  white  tile  add  pure  H1SO4 
followed  by  a  small  crystal  of  E2Cr207. 

A  green  colour '^Morphine. 

A  blue  colour,  changing  quickly  to  orange    -        -        -     *=  Strychnine. 
A  violet  colour ^Quinine. 

4.  To  the  dilute  faintly  add  solution  of  the  alkaloid  add  bromine  water 
foUowed  by  ammonia  till  alkaline. 

A  green  colour,  changed  to  red  by  acids       -        -        -     =^Quinine. 

5.  To  the  neutral  or  faintly  acid  solution  add  cone,  chlorine  water. 
White  ppt.  soluble  in  HCl  -        -        -        -        -        -       =  Coniine. 

Red  colour,  changed  to  yellow-brown  with  cone.  NH4OH  =  Brucine. 
No  colour,  changed  to  intense  green  with  cone.  NH4OH  =Quinine. 
No  colour,  changed  to  yellowish  white  ppt.  with  cone. 

NH4OH      - ^Cinchonine. 
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PART  II. 

QUANTITATIVE  ANALYSIS. 

A.    Estimation  of  the  Elements. 

1.  Determination  of-carbon  and  hydrogen  [nothing  else  but  oxygen  present]. 
liebig's  method. — The  substance  is  completely  oxidised  by  burning  with 

copper  oxide  and  the  water  and  carbon  dioxide  are  separately  absorbed  and 
weighed. 

llie  apparatus  required.— 1.  A  combustion  furnace  about  80  cms.  long 
provided  with  about  24  bunsen  burners. 

2.  A  hard  glass  combustion  tube  open  at  both  ends,  10  cms.  longer  than 
the  furnace,  and  about  15  mm.  external  diameter.  One  end  is  closed  with  a 
rubber  stopper  carrying  a  glass  tap.     The  tube  is  fitted  as  shown  in  Fig.  99. 
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Fig.  09. 

(a)  A  roU  of  oxidised  copper  gauze. 

(6)  Boat  containing  the  substance  to  be  burnt  (sealed  tube  for  liquids). 

(c)  Another  small  roU  of  oxidised  copper  gauze. 

(d)  A  layer  of  pure  copper  oxide  (made  from  copper  wire  clippings)  about 
45-50  cms.  long. 

(e)  Another  small  roll  of  oxidised 'copper  gauze. 


c^=M^=^ 


Pig.  100. 

3.  The  calcium  chloride  tube.  This  is  U-shaped  and  connected  direc&y 
to  the  combustion  tube  by  a  rubber  stopper  (Fig.  100  (a)  ).  'pie  limbs  of  the 
U  are  preferably  sealed  off  after  filling  the  tube.    The  reagent  is  kept  in  place 
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with  small  plugs  of  glass  wool,  and  after. filling,  dry  carbon  dioxide  shoidd 
be  passed  through  it  for  15  minutes  to  destroy  any  basic  chloride  (which 
would  absorb  COg  in  the  determination)  and  then  dry  air  to  remove  the  CO'^. 
A  tube  will  last  for  several  determinations  without  refilling  if  the  side  tubes 
are  closed  with  rubber  tubing  and  short  pieces  of  glass  rod. 

4.  The  potash  bulbs  (Fig.  100  (b)  )  to  absorb  carbon  dioxide.  Various  fonns 
are  on  the  market.  That  shown  is  Qeissler's.  The  guard-tube  contains 
calcium  chloride  to  prevent  loss  of  moisture  and  is  weighed  with  the  bulbs. 
The  bulbs  contain  concentrated  potash  {not  caustic  soda)  3  parts  EOH : 
2  parts  water. 

During  an  experiment  another  guard-tube  containing  calcium  chloride 
is  added  to  prevent  the  entrance  of  atmospheric  moisture.  This  tube  is  not 
weighed. 

5.  The  porcelain  boat  or  small  stoppered  tube  to  contain  the  substance 
(solid  or  liqm'd  respectively). 


FIG.  101. 

6.  An  asbestos  board  to  protect  the  absorption  tubes  from  the  heat  of  the 
furnace. 

7.  A  supply  of  air  and  of  oxygen,  in  suitable  aspirators  or  gas  holders ; 
each  supply  is  provided  with  a  purifying  train  to  absorb  moisture  and  carbon 
dioxide.  (A  tower  of  soda-lime  followed  by  2  U-tubes  of  pumice  and  strong 
sulphuric  acid.)  These  are  connected  to  a  T-tube,  which  in  turn  is  connected 
to  the  glass-tap  of  the  combustion  tube.  Air  or  oxygen  at  will  can  thus  be 
passed  through  the  latter.     The  fully-equipped  tube  is  shown  in  Fig.  101.    . 

The  operations. — The  tube  is  filled  as  described  and  placed  in  the  furnace. 
A  stream  of  dry  air  is  passed  through  it  (5  bubbles  per  second)  and  it  is  heated 
to  dull  redness.  The  moisture  which  copper  oxide  always  contains  is  thus 
driven  off  and  is  removed  from  the  open  end  of  the  combustion  tube  by  a  roll 
of  filter-paper.  After  half  an  hour  the  combustion  tube  is  closed  with  a  rubber 
cork  carrjdng  a  guard-tube  of  calcium  chloride  to  prevent  ingress  of  atmos- 
pheric moisture,  and  the  glass  tap  at  the  entrance  end  is  closed. 

Whilst  the  tube  is  cooling  the  calcium  chloride  tube  and  the  potash  bulbs 
are  weighed,  first  removing  the  caps  and  leaving  in  the  balance  case  for  10 
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minutes.  The  boat  (or  stoppered  tube)  previously  heated,  is  also  weighed, 
and  about  0*2  gm.  of  the  substance  weighed  into  it. 

The  stopper  at  the  entrance  end  of  the  combustion  tube  is  now  removed, 
the  roll  of  copper  oxide  gauze  pulled  out  by  the  stout  hook  with  which  it  is 
provided,  the  boat  pushed  into  place,  the  gauze  replaced  and  the  stopper  is 
put  back  into  the  tube.  The  guard-tube  at  the  exit  end  is  removed  and  the 
weighed  calcium  chloride  tube  takes  its  place.  The  potash  bulbs  are  next 
attached,  and  finally  the  guard-tube  (Fig.  1).  Now  turn  on  the  air  supply 
so  that  about  2  bubbles  per  second  pass  through  the  -potash  bulbs.  All  is  now 
ready  for 

The  oombustion. — Having  fixed  the  asbestos  board  in  position  to  protect  the 
absorption  train,  light  the  burners  under  the  long  layer  of  copper  oxide  (small 
flames  at  first),  commencing  at  the  exit  end  of  the  tube  and  gradually  extending 
to  the  other  end  of  the  layer.  Then  light  one  or  two  burners  under  the  roll 
of  gauze  at  the  entrance  end  of  the  tube,,  and  finally  under  the  boat  itself. 
The  more  slowly  the  substance  in  the  boat  is  vaporised  and  burnt  the  better ; 
many  substances,  e,g.  naphthalene,  will  readily  pass  over  the  whole  layer 
of  r^  hot  oxide  and  condense  unaltered  in  the  calcium  chloride  tube  if  heated 
too  quickly.*  It  is  best  to  heat  the  boat  at  first  by  bringing  some  of  the 
hot  tiles  near  to  it.  Finally  the  whole  furnace  is  brought  to  a  dull  red  heat. 
Watch  the  bubbles  in  the  potash  bulb  continually  and  keep  the  rate  to  2  per 
second. 

Any  water  condensing  near  the  exit  end  of  the  tube  is  driven  over  by 
warming  it  by  a  hot  tile  held  closely  underneath  it. 

When  combustion  is  complete  (except  for  carbon  in  the  boat),  replace  the 
air  by  an  oxygen  stream.  Continue  this  till  oxygen  issues  from  the  apparatus. 
(Test  with  a  red-hot  splinter  held  at  the  exit  of  the  guard-tube.)  Then  replace 
the  oxygen  by  air  again,  and  finally  turn  out  the  burners.  Remove  the  absorp- 
tion tubes,  put  on  the  caps,  and  place  in  the  balance  case  for  at  least  15  minutes. 
Wipe  carefully  with  a  clean  dry  silk  cloth,  and  remove  the  caps  immediately 
before  weighing. 

The  percentage  of  carbon  is  obviously  given  by 


—  X  (weight  of  COj)  x  — , 


and  that  of  hydrogen  by 


X  (weight  of  water)  x  — , 


18-02    ^      ®  '     w 

(t(;B  weight  of  substance  taken) 

that  of  oxygen  being  determined  by  difference. 

The  empirical  formula  of  the  substance  can  now  be  found  in  the  usual 
manner. 

*A  substance  particularly  dif&cult  to  bum  may  be  mixed  in  the  boat  with  finely 
powdered  copper  oxide  (dried  at  a  red  heat).  This  oxide  must  not  have  been  made  from 
copper  nitrate. 
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Modifloationfl  of  this  method  necessitated  by  the  presence  of  nitrogoi,  sulphur 

and  halogens. 

When  nitrogen  is  present,  oxides  of  nitrogen  may  be  produced  which 
would  be  absorbed  by  the  potash  and  weighed  as  CO2.  To  avoid  this,  a 
fresUy  reduced  roll  of  copper  gauze  is  added  to  the  contents  of  the  tube.  This 
should  be  at  least  10  cms.  long  and  comes  nearest  the  exit  end  of  the  tube, 
next  to  the  calcium  chloride  tube.    Oxides  of  nitrogen  are  thereby  reduced. 

Froparation  of  the  copper  gauze. — ^A  large  boiling  tube  and  a  cork  to  fit  it 
loosely  are  taken.  One  or  two  c.cs.  of  pure  methyl  alcohol  are  placed  in  the 
tube,  the  copper  gauze  is  heated  to  redness.  Hold  the  boiling  tube  in  a  cloth, 
slide  in  the  red-hot  spiral.  The  alcohol  vapour  reduces  the  copper  oxide 
to  copper,  and  the  vapour  of  the  boiling  alcohol  takes  fire  at  the  mouth  of  the 
tube.  When  this  flame  goes  out,  cork  the  tube  loosely.  When  cool  take  out 
the  gauze  and  dry  it  by  warming  gently  in  a  tube  in  a  current  of  dry  nitrogen 
or  carbon  dioxide.  Ck)ol  it  in  the  same  current  and  cork  it  up  until  ready 
for  use. 

This  copper  spiral  will  take  the  place  of  some  of  the  copper  oxide  layer  in 
the  combustion  tube.  The  substance  in  the  boat  should  be  covered  (after 
weighing)  with  pure  dry  copper  oxide. 

The  combustion  is  the  same  as  before,  but  do  not  use  oxygen  till  the 
combustion  is  as  complete  as  possible  with  air.  Before  turning  on  the  oxygen, 
turn  out  the  burners  under  the  copper  gauze. 

When  sulphur  and  halogens  are  present  the  copper  oxide  is  replaced 
by  fused  and  granulated  lead  chromate,  as  copper  sulphate  would  not  be  stable 
at  the  temperature  of  the  furnace,  and  sulphuric  acid,  sulphurous  acid,  traces 
of  halogen  and  halogen  acids  would  come  over  and  be  weighed  as  carbon 
dioxide. 

It  is  important  not  to  use  too  high  a  temperature  when  lead  chromate  is 
employed,  or  it  will  fuse  into  the  glass  and  break  the  latter. 

A  roll  of  silver  gauze  placed  at  the  exit  end  of  the  tube  will  arrest  halogens 
with  more  certainty,  and  should  be  used  if  available. 

Dennstedt's  method  of  combustion. — The  principle  of  this  process  is  to 
bring  the  vapour  of  the  substance,  mixed  with  oxygen,  into  contact  with  red- 
hot  platinum.  A  six-rayed  star  of  platimmi  foil  about  10  cms.  long  is  employed 
as  the  most  suitable  contact  agent.  A  great  advantage  of  the  method  is 
that  no  special  furnace  is  required,  four  burners  being  ample.  The  saving  of 
gas  is  considerable.  Nitrogen,  sulphur  and  the  halogens  can  also  be  estimated, 
the  former  by  Dumas'  method  (see  below)  the  latter  by  absorption  in  gently- 
heated  (300^)  lead  peroxide.  The  method  has  been  brought  to  a  degree  of 
refinement  and  simplicity  impossible  with  Liebig's  method,  and  if  the  necessary 
apparatus  is  available  the  student  should  carry  out  the  experiments.  After 
acquaintance  with  Liebig's  method,  Dennstedt's  apparatus  will  be  readily 
understood.  It  may  here  be  mentioned  that  the  greatest  difficulty  with  which 
Dennstedt  had  to  contend  was  the  formation  of  explosive  mixtures  of  the 
vapour  with  oxygen.  This  was  finally  overcome  by  the  use  of  a  double  oxygen 
supply  through  two  concentric  tubes.  The  inner  tube  contains  the  substance, 
and  a  very  limited  supply  of  oxygen  passes  through  it,  just  sufficient  to  carry 
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forward  the  vapour.  The  main  oxygen  stream  passes  through  the  outer 
tubes  and  meets  the  other  stream  and  the  inflammable  vapour  at  the  platinum 
"  star."  The  combustion  should  be  carried  out  slowly  to  avoid  incomplete 
combustion. 

It  may  also  be  mentioned  that  Dennstedt  has  devised  new  and  convenient 
forms  of  calcium  chloride  and  soda-lime  absorption  tubes.     (See  Fig.  100  (c).) 

These,  the  whole  apparatus,  and  improved  forms  of  electrically  heated 
furnaces  for  the  method  may  be  foxmd  in  the  trade  catalogues.* 

Estimaiion  of  Nitrogen. 

(1)  Duinas'  metliod. — The  combustion  is  similar  to  that  of  Liebig,  but  the 
operation  is  carried  out  in  a  current  of  carbon  dioxide,  and  the  nitrogen  evolved 
is  collected  over  potash  {not  soda),  measured  and  its  weight  calculated. 

As  oxygen  cannot  be  employed,  it  is  necessary  to  mix  the  substance  intim- 
ately with  finely-powdered  pure  copper  oxide  {not  from  copper  nitrate)  to 
ensure  its  complete  combustion. 

The  various  parts  of  the  apparatus  are  as  follows  : 

(1)  A  COj  generator.  Various  methods  are  used,  but  the  most  convenient 
is  a  large  Kipp.    No  particular  precautions  as  to  drying'the  gas  (or  the  copper 

CT  (fl)       (ft)     (g) W) (g) 
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oxide)  are  absolutely  necessary,  but  it  is  well  to  pass  it  through  a  wash-bottle 
containing  sulphuric  acid  to  prevent  moisture  carried  over  mechanically 
from  cracking  the  tube,  and  also  to  see  the  rate  at  which  the  gas  is  passing. 
It  will  be  necessary  to  test  the  gas  and  see  that  it  is  free  from  air.    (See  below.) 

2.  The  combustion  tube  fitted  as  shown  in  Fig.  102. 

(a)  Copper  oxide  gauze  roll,  12-15  cms. 

(b)  Intimate  mixture  of  finely-powdered  copper  oxide  and  substance. 

(c)  1  cm.  layer  of  fine  copper  oxide. 

(d)  35  cm.  layer  of  wire  from  copper  oxide. 

(e)  Freshly  reduced  copper  spiral  to  reduce  oxides  of  nitrogen. 

Note. — The  approximate  nitrogen  content  of  the  substance  should  be 
known  and  such  a  quantity  taken  that  the  nitrometer  will  not  be  much  more 
than  half  full. 

3.  The  nitrometer  is  shown  in  Fig.  103.  The  inlet  tube  is  just  closed  by  a 
mercury  trap  which  prevents  any  possibility  of  the  potash  being  drawn  into 
the  combustion  tube.    The  reservoir  contains  40  %  potash. 

It  :  3  preferable  to  have  the  top  of  the  nitrometer  fitted  with  a  funnel  as 
shown.  The  nitrogen  can  then  be  transferred  to  a  graduated  tube  and 
measured  ovejr  water,  of  which  the  vapour  pressure  is  known.  That  of  the 
potash  solution  is  not  accurately  known. 

*  See  Messrs.  Gallenkamp  &  Co.'s  catalogue. 
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The  oombustion. — The  tube  being  charged  and  placed  in  the  furnace, 
carbon  dioidde  is  passed  rapidly  through  it  to  drive  out  air.  After  about 
15  minutes  the  nitrometer  is  attached.  The  gas  stream  is  continued  until 
the  bubbles  are  completely  absorbed  by  the  potash.  Any  bubbles  that 
have  collected  in  the  nitrometer  are  driven  out  by  raising  the  reservoir 
and  opening  the  tap.  This  is  repeated  till 
no  more  bubbles  collect.  Then  diminish  the 
rate  of  the  CO2  stream  and  commence  to  heat 
the  tube,  starting  from  the  exit  end  and  gradu- 
ally approaching  the  substance  as  before. 
When  most  of  the  nitrogen  has  come  over, 
increase  the  rate  of  the  CO2  stream.  During 
the  whole  experiment  maintain  the  potash 
reservoir  at  about  the  level  of  liquid  in  the 
graduated  tube.  When  the  volume  of  nitrogen 
no  longer  increases,  disconnect  the  nitrometer, 
fix  the  funnel  on  the  top  and  fill  it  with 
freshly-boiled  cold  water;  bring  a  graduated 
gas  tube  full  of  the  same  water  over  the  end  of 
the  nitrometer,  and  by  raising  the  potash 
reservoir  and  opening  the  tap,  dnve  the  nitro- 
gen into  the  tube.  Transfer  it  to  a  glass 
cylinder  full  of  air-free  water  and  leave  it  for  combustion  tube 
15  minutes  to  attain  the  same  temperature.  ^^ 
Finally,  holding  the  tube  in  a  clamp  {not  with 
the  hand)  raise  it  till  the  water  levels  inside  and 
outside  are  the  same,  and  read  the  volume  and 
the  temperature  of  the  water.  Read  the  baro- 
meter and  calculate  the  weight  of  nitrogen 
obtained. 

Example, — Let  the  volume  of  moist  nitro- 
gen obtained  be  v  c.cs.  at  f  C.  and  P  nmis. 
pressure.    Then  if /=the  vapour  pressure  of  water  at  f,  the  volume  Vq  at 
N.T.P.  is 

t?x273x(P-/) 
^      (273  +  0x760* 

Since  1  c.c.  of  dry  nitrogen  at  N.T.P.  weighs  •001259  gms.,  the  weight  of 
nitrogen  in  the  amount  of  substance  taken  is  given  by 

Vq  X  -001259. 

Before  another  determination  is  carried  out  it  is  necessary  to  re-roast 
the  copper  oxide,  to  reduce  afresh  the  copper  spiral  and  to  replenish  the 
potash.  When  the  nitrometer  is  left,  all  the  potash  should  be  removed,  the 
apparatus  well  washed  with  water  and  the  tap  slightly  greased  with  vaseline. 

(ii)  Kjeldabl's  method. — The  substance  is  heated  with  strong  sulphuric 
acid  till  the  liquid,  which  chars  at  first,  becomes  clear. 

By  this  means  the  nitrogen  is  converted  to  ammonium  sulphate,  from 


FIG.  103. 
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which  the  ammonia  is  driven  by  alkali  into  a  known  volume  of  standard  add. 
The  excess  of  acid  is  then  titrated  with  standard  alkali. 

It  should  be  noted  that  with  hydrozylamine  and  diazonium  compounds 
and  phenyl  hydrazine  derivatives  no  known  modification  of  Kjeldahl's  process 
will  give  accurate  results,  and  the  same  is  true  if  chlorides  and  nitrates  are 
present  together.  With  these  exceptions,  the  modifications  introduced  by 
Gunning  and  Jodlbauer  enable  one  to  determine  nitrogen  in  any  other  form 
of  combination. 

Fig.  104  shows  the  heating  flask  (of  hard  glass)  while  Fig.  56  gives  one 
form  of  apparatus  complete  with  the  exception  of  a  tap  funnel  fitted 
to  the  flask.      The  delivery  tube  should  be  made  of  Jena  or  equivalent 

glass,  or  best  of  silica,  as  freshly-distilled  water 
containing  ammonia  dissolves  appreciable  amounts 
of  alkali  from  ordinary  glass. 

The  experiment  is  carried  out  as  follows  : 
Into  a  round-bottomed  flask  of  300  c.cs. 
capacity,  with  a  long  neck,  a  suitable  weight  of 
the  substance  is  introduced.*  About  15-20  c.cs. 
of  pure  sulphuric  acid  are  poured  in,  about  10 
gms.  of  dry  potassium  sulphate  (or  better  2  gms. 
of  sodium  pyrosulphate)  are  added,  and  the  flask 
placed  on  its  stand  (with  the  neck  inclined  to  the 
vertical)  in  the  fume-cupboard.  The  contents 
are  now  boiled  gently  till  the  liquid,  which  chars 
at  first,  turns  practically  colourless  again.  The 
object  of  the  sulphate  is  to  raise  the  boiling  point  of  the  acid  and  hasten  the 
operation. 

After  cooling,  carefuUy  dilute  the  contents  with  about  80-100  c.cs.  of 
distilled  water.  Then  the  flask  is  fitted  with  a  rubber  cork  carrying  the  tap 
funnel  (not  shown  in  Fig.  56)  and  delivery-tube.  The  stem  of  the  tap-funnel 
should  be  drawn  out  to  a  point,  and  should  not  dip  into  the  liquid  in  the 
flask  at  any  stage.  The  delivery-tube  is  flush  with  the  stopper.  The  trap 
prevents  drops  of  alkali  being  carried  over  mechanically,  and  the  bulb  prevents 
any  possibility  of  sucking  back.  (A  50  c.c.  pipette  with  a  wide  nozzle  is  ex- 
cellent.)   Cool  the  receiver  in  a  water-bath.    When  all  is  ready  run  a  suitable 

N      . 
amoimt  of  -r  acid  (50  c.cs.  at  the  most)  into  the  receiver,  and  through  the 

tap-funnel  run  very  carefully  a  suitable  amount  of  20  %  caustic  soda  solution 
(80  c.cs.  will  be  ample  for  10  c.cs.  of  sulphuric  acid).  Then  distil  for  20-30 
minutes.  It  is  advantageous  to  add  a  few  gms.  of  zinc  dust  with  the  caustic 
soda ;  this  prevents  bumping. 

Finally  titrate  the  excess  of  acid  with  alkali  of  known  strength  with 
litmus  or  methyl  orange  as  indicator.  (Not  phenolphthalein.)  Each  c.e.  of 
N 
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acid  =  001401  gm.  of  nitrogen. 


,N 


*  Use^^Baoh  an  amount  that  about  25  c.o.  of  |7^&ci<i  will  be  neutralised  by  the  ammonia 
liberated. 
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Gunning  adds  about  0*5  gm.  of  mercuric  oxide  or  mercury  to  the  strong 
sulphuric  add,  as  this  lessens  the  time  necessary  for  digestion.  The  mercury 
is  pptd.  by  adding  25  c.cs.  of  4  %  potassium  sulphide  solution  with  the  caustic 
soda  before  distilling. 

In  case  nitro-compounds,  nitrates,  azo-bodies  and  amino-azo-bodies  are 
present,  the  Jodtbauer  modification  is  necessary.  This  consists  in  mbdng 
1-2  gms.  of  zinc  dust  with  the  substance,  and  dissolving  2  gms.  of  salicylic 
acid  in  the  sulphuric  acid  before  adding  it  to  the  substance.  The  acid  is 
then  poured  quickly  into  the  flask  so  as  to  cover  the  mixture  of  substance 
and  zinc  at  once.    (B,  Dyer,) 

Estimation  of  halogens,  sulphur  and  phosphoms. 

1.  Carius'  methods. — ^The  substance  ia  heated  in  a  bomb-tube  with  strong 
nitric  acid,  being  thereby  completely  oxidised.  Halogens  are  converted  to 
silver  halide  by  the  presence  in  the  tube  of  silver  nitrate.  Sulphur  and 
phosphorus  are  converted  to  sulphuric  and  phosphoric  acids.  After  the 
operation  is  finished  the  remainder  of  the  determination  is  carried  out  exactly 
as  described  in  Gravimetric  Analysis. 

The  bomb-tube  is  made  of  glass  sold  for  the  purpose.  It  is  either  of 
Jena  (or  equivalent)  hard  glass  or  of  very  thick-walled  soft  glass.  It  is  closed 
at  one  end  and,  at  the  conmiencement,  open  at  the  other.  It  is  about  35  cms. 
long,  2-3  mm.  thick  and  16-18  nmi.  diam.  0*1-0*2  gm.  of  the  substance  is 
introduced  in  a  weighing  tube,  about  7  cms.  long,  7-9  mm.  diam.,  sealed  at 
one  end.  After  weighing  the  substance  in  it,  the  tube  is  placed  in  the  bomb- 
tube,  into  which  about  1-2  c.cs.  concentrated  fuming  nitric  acid  (S.G.  1*5), 
free  from  halogens  have  been  placed  (see  Inorganic  Preparations),  together  with 
about  0*5  gm.  of  pure  silver  nitrate  crystals,  if  halogen  is  being  determined. 
This  is  omitted  if  sulphur  or  phosphorus  are  being  sought.  Do  not  aUow  the 
acid  to  come  into  contact  with  the  substance  tiU  the  tube  is  sealed.  To  seal 
the  tube,  warm  it  gradually  in  the  blow-pipe  flame  and  attach  a  piece  of 
glass  rod  to  the  open  end,  by  which  to  hold  it.  Then  heat  the  upper  end  of 
the  tube,  about  an  inch  from  the  end,  turning  it  constantly  in  the  flame  and 
aUow  the  glass  to  thicken  somewhat. 
Carefully  draw  it  out  into  a  capillary 
(first  removing  it  from  the  flame),  and 
cut  ofl  the  drawn-out  portion  some  3 
inches  above  the  shoulder.  Now  heat 
again  just  above  the  shoulder  till  the 
walls  thicken,  finally  sealing  it  off  by 
drawing  off  all  but  about  an  inch  of  the 
capillary.  Anneal  by  gradually  turning 
off  the  blast,  holding  the  heated  part  ^^'  ^^• 

in  the  smoky  flame  and  finally  allow  to  cool.  Bring  the  contents  into  contact 
and  place  in  the  bomb-furnace  (Fig.  105)  in  the  iron  tube  which  is  lined  with 
asbestos.  The  capillary  should  just  project  from  the  furnace.  Turn  the 
furnace  to  face  a  wall  so  that  no  damage  may  be  done  by  an  explosion.  (A 
good  plan  is  to  have  a  heavy  wooden  board  some  2  inches  thick  fixed  in  front 
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of  the  furnace  bo  that  it  inclines  to  the  wall  and  the  floor.    All  danger  of 
flying  splinters  of  glass  is  thus  obviated. 

Light  the  furnace  and  raise  the  temperature  to  the  desired  level  (not  more 
than  340°  is  ever  necessary).  Start  the  heating  in  the  morning,  continue  till 
evening  and  leave  to  cool  overnight.  Do  not  touch  the  bomb-tube  from  now 
onward  until  it  has  been  opened.  This  is  carried  out  as  follows.  The  tip  of  the 
capillary  (projecting  from  the  furnace)  is  brushed  carefully  with  a  small  flame 
xmtil  the  liquid  which  always  condenses  there  has  been  driven  out.  The  tip 
of  the  capillary  is  now  melted  in  the  flame ;  the  pressure  will  then  blow  ofl 
when  the  glass  is  sufficiently  soft. 

It  may  now  be  safely  handled,  and  is  removed,  cut  off  below  the  collar  by 
making  a  file-mark  round  it  and  touching  this  firmly  with  a  stout  red-hot  wire. 
Transfer  the  contents  to  a  beaker,  washing  out  several  times  with  distilled 
water  and  carry  on  as  usual.  Before  determining  sulphuric  acid  evaporate 
off  most  ot  the  nitric  add. 

Though  Carius'  method  is  here  described  as  being  the  classical  method, 
that  of  Stepanow,  modified  by  Bacon  (B.  1906,  89,  4056 ;  J.Am,  C,S.,  1909, 
41y  49)  is  far  more  convenient  and  is  coming  into  general  use. 

Let  w  be  the  weight  of  substance  employed.  It  is  dissolved  in  the  following 
quantities  of  98  %  ethyl  alcohol,  according  as  the  halogen  is  chlorine,  bromine 
or  iodine,  and  the  given  quantities  of  sodium  are  used. 


Hdogen. 

Volume  of  alcohol. 

Weight  of  sodium. 

Chlorine  - 

-    156  w  CCS. 

19*5  w  gms. 

Bromine  - 

-      -     esw  „ 

S'bw  „ 

Iodine     - 

.        -      Uw    „ 

6-6  w  „ 

The  alcohol  and  substance  are  placed  in  a  flask  fitted  with  a  reflux  (about 
0'2  gms.  of  substance  is  recommended)  and  boiled.  The  sodium  is  added  in 
small  quantities  at  a  time,  the  addition  extending  over  not  less  than  half  an 
hour,  and  then  boiling  is  continued  for  an  hour.  Allow  to  cool  to  about  50**, 
add  water  through  the  condenser,  then  nitric  acid  till  acid.  Finally  add  an 
excess  of  standard  silver  nitrate  and  titrate  the  excess  by  Volhard's 
method. 

Pringsheim  {B,  1908,  41,  4267)  mixes  the  substance  with  excess  of  sodium 
peroxide  in  an  iron  crucible,  cools  this  in  a  bowl  of  water  and  starts  the  reaction 
by  a  red-hot  iron  nail  introduced  through  a  hole  in  the  lid.  Certain  quantities 
of  peroxide  are  used  according  to  the  carbon  content  of  the  substance.  The 
method  is  unsuited  for  the  student,  though  rapid  and  convenient. 

Bnumer  estimates  chlorine  by  liberating  it  by  treatment  with  permanganate 
and  concentrated  persulphate  solutions,  determining  it  iodometrically  as 
described  in  Volumetric  Analysis. 

Determination  of  metals. — (a)  Compounds  of  silver,  gold  and  platinum 
leave  the  metal  when  ignited  in  air. 

(b)  Compounds  of  lead,  copper,  etc.,  are  weighed  as  oxide  after  ignition  in 
air  and  treatment  with  nitric  acid  if  necessary  to  reoxidise  any  reduced 
metal. 

(c)  Sodium  and  potassium  compounds  leave  the  carbonates  when  ignited. 
These  may  be  dissolved  and  titrated  with  standard  acid. 
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Determination  of  molecular  weights.  (For  Physical  methods  see  Physical 
Chemistry,  Book  VI.) — Some  special  chemical  methods  for  organic  acids  and 
bases  will  now  be  described.    These  are  : 

I.  Direct  titration. 

II.  Ignition  of  the  silver  salt  of  an  acid  or  the  platinichloride  of  a  base. 

III.  Ignition  of  the  alkali  or  alkaline  earth  salt  of  an  acid  and  determining 
the  residue  volumetricaUy. 

In  all  these  cases  we  need  to  know  basicity  of  the  acid  (or  the  acidity  of 
the  base).    This  may  be  found  as  follows  : 

(a)  By  neutralising  the  acid  with  soda  or  potash  and  preparing  as  many 
different  salts  as  possible  with  1,  2,  3,  etc.,  equivalents  of  acid.  This  is  not 
always  conclusive,  as  in  the  case  of  oxalic  acid, 
for  example,  we  have  K2C2O4,  KHCJO4  and 
KHCJ1O4,  H2C2O4. 

(6)  By  finding  the  molecular  weight  by 
physical  methods  and  determining  chemically 
the  number  of  replaceable  H  atoms  in  this 
weight.    This  may  be  done  as  described  below. 

(c)  By  determining  the  conductivities  of  the 
sodium  salt  Xst  ^^'^  ^icm*  Ostwald  showed 
that  Xioi4-Xj2=10  n,  where  n=basicity.  (See 
Physical  Chemistry,  Book  VI.). 

The  molecular  weight  being  known,  the  num- 
ber of  replaceable  H  atoms  may  be  found  thus  : 

NaHS  +  HX-HaS  +  NaX, 

i,e.  1  gm.-atom  of  acid  hydrogen  liberates  22*32 
litres  of  HgS  at  N.T.P. 

Thoroughly  saturate  some  caustic  soda  solu-  fiq.  loe. 

tion  with  hydrogen  sulphide  (No  NajS  must  be 

left  or  the  results  will  be  useless).  A  sufficient  quantity  (50  c.cs.)  is  intro- 
duced into  the  apparatus  shown  and  a  known  weight  of  the  acid  is  dropped 
into  it  by  the  arrangement  in  Fig.  106.  The  HgS  evolved  pushes  an  equal 
volume  of  air  through  the  delivery  tube  ;  this  is  measured  gas  volumetricaUy 
•  as  described  under  Gas  volumetric  determinations,  Book  III. 

In  Fig.  106  (a)  is  shown  a  bulb  of  about  100  c.cs.  capacity  to  prevent 
HgS  from  reaching  the  water  in  the  nitrometer. 

(h)  is  a  short  glass  rod  to  push  (c)  into  the  sulphide  solution. 

(c)  is  a  small  glass  bulb-tube  in  which  0-2-0*4  gm.  is  weighed. 

Having  found  the  basicity  the  molecular  weight  may  be  found  by  : 

I.  Titration  (see  Volumetric  Analysis). — Use  standard  barjrta  and  dissolve 
the  acid  in  COg-free  water.  Use  phenolphthalem  as  indicator.  The  calcula- 
tion will  be  sufficiently  obvious,  since  the  weight  which  neutralises  a  litre  of 

N  1 

-^  baryta  is  —  of  the  equivalent  weight  of  the  acid.    If  this  weight  is  found 

to  be  w;  gms.,  then  the  molecular  weight  is  n  x  10  w,  where  n  is  the  basicity. 
|i  II.  (a)  Ignition  of  the  silver  salt  of  an  acid. — Prepare  the  silver  salt  of  the 
acid  by  neutralising  the  acid  with  ammonia,  boiling  off  excess  and  adding 
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silver  nitrate  to  the  cold  solution.  Filter  at  the  pump,  wash  with  cold  water 
and  dry  in  the  steam-oven  (in  the  dark). 

Meanwhile  strongly  heat  a  porcelain  crucible.  Cool  in  a  desiccator  and 
weigh  it.  Weigh  into  it  from  0-5-1  gm.  of  the  silver  salt  and  heat,  very 
carefully  with  lid  on  at  first,  finally  very  strongly  with  lid  removed,  till  nothing 
but  metallic  silver  is  left.    Cool  in  a  desiccator  and  weigh. 

If  the  basicity  of  the  acid  is  n,  then,  since  the  atomic  weight  of  silver  is 
107*88,  the  molecular  weight  of  the  silver  salt  will  be  that  weight  which  contains 
107-88  n  gms.  of  silver.  Call  this  M.  Then  obviously  lf-107-88n  +  n  will 
be  the  molecular  weight  of  the  free  acid. 

II.  (b)  Ignition  of  the  platimchloride  of  a  base.— Prepare  the  platini- 
chloride  of  the  base  by  adding  10  %  chlorplatinic  acid  to  the  fairly  concentrated 
solution*  of  the  hydrochloride  of  the  base.  Filter,  wash  and  dry  at  100**. 
Ignite  a  weighed  quantity  to  platinum  in  a  porcelain  crucible,  just  as  described 
under  the  silver  salt  of  the  acid  in  the  previous  experiment. 

The  formula  of  the  platinichloride  is  BjHjPtCl^,  BHjPtCl^,  etc.,  according 
as  B  is  a  mono,  etc.,  acid  base. 

(As  regards  the  atomic  weight  of  platinum  to  be  taken,  the  "  apparent  " 
atomic  weight  of  the  platinimi  in  the  chlorplatinic  acid  used  should  be  deter- 
mined by  preparing  a  chlorplatinate  of  a  base  of  known  molecular  weight 
(say  ammonium)  and  calculating  the  atomic  weight  from  an  ignition  of  a 
known  weight  of  this). 

III.  Igmtion  of  the  barium,  calcium,  sodium  or  potassium  salt  of  the  add. 
(The  two  former  are  often  sparingly  soluble  and  can  be  pptd.). — ^Prepare 
some  of  the  required  salt ;  dry  it  at  110**-130®  and  ignite  a  weighed  quantity 
in  a  platinum  crucible.  The  residue  of  oxide  or  carbonate  may  either  be 
weighed  (if  pure)  or,  better,  dissolved  in  excess  of  standard  acid  and  the  excess 
titrated.    The  method  of  calculation  should  be  sufficiently  obvious. 

B.    ESTIMATION  OF  VARIOUS  RADICALS. 

1.  Determination  of  hydrozyl  (alcoholic). — The  hydroxyl  groups  are 
acylated  either  by  boiling  under  a  reflux  with  sodium  acetate  (anhydrous) 
and  acetic  anhydride,  and  pouring  the  product  into  water,  or  by  the  Schotten- 
Baumann  method  (p.  384)  by  shaking  with  10  %  caustic  soda  solution  and 
excess  of  benzoyl  chloride.  The  excess  of  acyl  chloride  is  destroyed  by 
warming  with  more  caustic  soda  and  the  benzoyl  derivative  purified. 

A  Imown  weight  of  the  acylated  product  is  then  hydrolysed  by  boiling 
with  alkali  of  known  strength  under  a  reflux  (see  p.  280).  The  excess  of 
alkali  is  finally  titrated.  A  simple  calculation  will  give  the  number  of  acyl 
groups  in  1  mol.  of  the  acylated  compound,  provided  that  its  molecular  weight 
is  previously  known.  Hence  follows  the  -number  of  hydroxyl  groups  in  the 
molecule  of  original  substance.^  •*     i 

Hibbert  and  Sudborough  {J.C.S.,  1904,  86,  933)  describe  a  simple  method 
whereby  the  hydroxyl  compound  is  treated  with  excess  of  magnesium-methyl- 
iodide  in  dbsohUe  amyl  ether,  and  the  volume  of  methane  evolved  measured 
by  means  of  a  nitrometer  as  described  in  gasometric  determinations,  Book  III. 
The  preparation  of  magnesium  methyl  iodide  has  been  given,  so  that  the 
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student  can  easily  cany  out  the  detennination  without  further  instructions. 
Use  about  0-2  gm.  of  the  substance,  20  c.cs.  of  dry  amyl  ether  and  15  c.cs.  of 
the  amyl  ether  solution  of  the  reagent. 

2.  Determination  of  methozyl  and  ethozyL  Zeisel's  method  (Monats.  6, 
989  ;  7,  406). — The  body  is  heated  with  hydriodic  acid  and  the  evolved  methyl 
iodide  is  caught  in  alcoholic  silver  nitrate  and  determined  gravimetrically  as 
Agl  or  volumetrically  by  Volhard's  method.  The  apparatus  is  shown  in 
F^.  107. 

^  is  a  small  flask  containing  about  0*3  gm.  of  the  substance,  10  c.cs.  of 
hydriodic  acid  (S.G.  1*7)  and  some  pieces  of  porous  plate  to  prevent  bumping. 


FIO.  107. 

It  is  immersed  in  a  glycerin  bath  and  boiled,  whilst  a  current  of  CO,  passes 
through. 

5  is  a  Liebig  condenser  kept  at  40°-50*'. 

C  is  a  Geissler  potash  bulb  inmiersed  in  a  water-bath  at  50°-60°  for 
methoxyl,  80°  for  ethoxyl.  This  contains  about  0*4  gms.  of  red  phosphorus 
and  some  water  to  absorb  hydriodic  acid  and  iodine. 

D  and  E  are  small  flasks  containing  (d)  50  c.cs.,  {e)  25  c.cs.  of  alcoholic 
silver  nitrate  (2  parts  of  AgNO^,  5  of  water,  45  of  absolute  alcohol). 

A  is  boiled  for  1-2  hours  till  no  more  alkyl  iodide  is  given  ofl.  The  contents 
of  E  should  be  no  more  than  slightly  opalescent. 

Finally  wash  out  both  D  and  E  with  about  500  c.cs.  of  water,  evaporate 
to  half-bulk  on  a  water-bath,  acidify  with  nitric  acid  and  either  weigh  the 
pptd.  Agl  or  determine  the  excess  of  silver  nitrate  by  Yolhard's  method. 

100  gms.  of  Agl  =  19-21  gms.  of  (OCgHg). 
12-34    „    „  (CA). 
13-2      „    „  (OCH3). 
6-38    „    „  (CH3). 

3.  Determination  of  carbozyl,  -COOH. — The  number  of  carboxyl  groups 
in  the  molecule  will  be  the  same  as  the  basicity  of  the  acid,  q.v.  (p.  419). 

4.  Determination  of  sulphozyl,  -SOsH. — ^Also  by  direct  titration  and  a 
knowledge  of  the  molecular  weight. 

5.  Determination  of  carbonyl,  -CO-. — (a)  Free  hydroxylamine  is  prepared 
by  mixing  hydroxylamine  sulphate  with  baryta  water  in  calculated  propor- 
tions. The  solution  of  the  carbonyl  compound  in  50  %  alcohol  is  made  to 
react  with  a  known  excess  of  hydroxylamine,  giving  the  oxime  as  already 
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described  (p.  315).    Finally  the  excess  of  hydroxylamine  is  titrated  with 

standard  acid  and  methyl  orange.     From  a  knowledge  of  the  molecular 

weight  the  number  of  oxime-  and  therefore  of  carbonyl-groups,  follows  at 

once. 

(b)  The  weighed  carbonyl  compound  is  mixed  with  a  known  excess  of 

phenyl  hydrazine  in  aqueous  solution.    After  the  formation  of  hydrazone  is 

N 
complete  the  excess  of  phenyl  hydrazine  is  titrated  with  -r  iodine  in  the  usual 

manner. 

C^HgNH  •  NH2  +  2I2 = SHI  +  Nj  +  CeHJ. 

The  phenyl  hydrazine  solution  employed  is  estimated  in  the  same  manner. 

6.  Detennination  of  -NH2  in  primary  amines. — (1)  By  the  platinichlorides 
as  already  described,  p.  420. 


\ — > 


TO  NtTRDMCTtR. 


FIG.   108. 

(2)  By  measuring  the  volume  of  nitrogen  evolved  when  they  are  treated 
with  nitrous  acid.  The  nitrogen  is  swept  into  a  nitrometer  containing  potash 
by  means  of  a  current  of  carbon  dioxide. 

A  suitable  amount  of  the  substance  is  dissolved  in  dilute  sulphuric  acid  and 
placed  in  flask  A,  Fig.  108,  which  is  fitted  as  shown.  The  tap-funnel  contains 
air-free  distilled  water  at  first.  The  potash  bulbs  B  contain  3  %  KMn04 
containing  1  gm.  of  caustic  soda,  and  are  connected  to  a  nitrometer  as  for 
Dumas'  estimation  of  nitrogen,  p.  414.  The  tube  of  the  tap-funnel  is  filled 
with  the  distilled  water.  CO2  is  passed  through  the  apparatus  till  aU  air  is 
swept  out,  and  then  the  flask  is  warmed  on  the  water-bath.  A  solution  of 
potassium  nitrite  containing  a  little  potassium  iodide  is  now  run  slowly  into  the 
flask  from  the  funnel,  keeping  up  the  COg  stream  throughout.  When  iodine 
is  liberated  in  the  flask  sufficient  nitrite  has  been  added.  Heat  the  water-bath 
and  carry  on  the  CO2  stream  till  all  nitrogen  has  been  swept  out.  Measure  it 
and  calculate  as  in  Dimaas'  nitrogen  determination.  Remember  that  only 
one  half  of  the  nitrogen  comes  from  the  amino-group. 
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Aromatio  amineB  are  estimated  in  the  above  manner  but  at  a  gentle  boil, 
but  more  conveniently  by  titrating  the  dilute  (0*1  %)  solution  of  the  hydro- 
chloride with  NaNOj  of  known  titre  (see  p.  249,  Volumetric  Analysis).  The 
titration  is  carried  out  at  0^,  and  starch-iodide  paper  is  used  as  the  (external) 
indicator.    Excess  of  nitrite  turns  it  blue. 

Other  methods  available  are 

(1)  Transformation  to  halogen  derivatives  by  Sandmeyer's  reaction,  and 
estimation  of  the  halogen. 

(2)  Acylation  of  the  amino-group  and  hydrolysis  of  the  product. 

(3)  In  the  case  of  aniline  itself,  the  estimation  may  be  carried  out  by 
titration  with  bromine  water  of  known  strength  (Fran9ois,  J,  Pharm,  1899, 
521).  CeH5(NH,)  -h3Br3 = 3HBr + CeH^r8(NH,). 

Note  that  as  bromine  water  is  weak,  a  smdU  quantity  of  aniline  should  be 
taken  or  the  titration  will  be  very  long  and  tedious. 

Other  substances  which  absorb  bromine  should  of  course  be  absent. 

The  indicator  is  a  little  indigo  solution,  which  is  bleached  by  the  bromine 
only  when  the  above  reaction  is  completed. 

Note. — 1.  If  preferred,  a  solution  of  bromine  in  concentrated  potassium 
bromide  may  be  used. 

2.  Remember  that  bromine  solution  will  rapidly  weaken  in  contact  with 
the  air,  owing  to  the  evolution  of  bromine  vapour.  Avoid  this  by  a  plug  of 
cotton  wool  in  the  burette. 

3.  Reinhardt  (see  J.S.C.I.,  1899, 110)  employs  a  solution  of  KBrOj  +  aKBr 
as  his  brominating  agent.  This  is  made  by  adding  bromine  to  potash  solution 
(pure)  and  boiling  till  the  liquor  no  longer  reacts  with  starch-iodide  paper. 

The  aniline  must,  of  course,  be  present  in  acid  solution  for  this  method. 
Starch  iodide  paper  is  employed  as  external  indicator. 

4.  Aniline  scdts  of  mineral  acids  may  be  titrated  directly  with  standard 
alkali  and  litmus. 

Detennination  of  the  Imino-Gronp,  ^NH  (Reverdin  and  de  la  Harpe,  B. 

62,  1005). 

Example,    Methyl  aniline. — ^About  1  gm.  is  weighed  into  a  flask  with  a 

reflux  condenser  and  about  2  gms.  of  acetic  anhydride  dropped  in  through  the 

condenser,  by  weighing  out  by  difference  from  a  stoppered  vessel.    Leave 

for  30  minutes,  then  add  50  c.cs.  of  water  and  heat  on  a  water-bath  for  f  hour. 

Cool,  dilute  to  a  known  volume  and  titrate  the  excess  of  acetic  acid  in  an 

N 
aliquot  part,  using  —  caustic  soda  and  phenolphthalein.    Hence  the  excess 

of  acetic  anhydride  may  be  found,  the  remc^der  being  inactive  as  it  has  formed 
the  acetyl  body. 

Vaubel  {J.S.C.I.,  1893, 12,  954)  recommends  the  use  of  a  7  %  solution  of 
acetic  anhydride  in  xylene  as  the  acetylating  agent.  After  standing  for  an 
hour,  water  is  added  as  before  and  the  acetic  acid  remaining  is  titrated. 

In  case  both  — NHj  and  ^NH  are  present,  the  total  nitrogen  is  obtained 

as  above,  the  -  NH,  nitrogen  by  the  previous  method.     The  difference  gives 
the  imino-nitrogen. 
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Determination  of  amido-  and  imido-groaps»  -CONHg  and  -CO.NH-. — 

Both  of  these  are  estimated  by  boiling  with  alkali  and  collecting  the  ammonia 
evolved  in  standard  acid.  The  apparatus  is  similar  to  that  for  the  Kjeldahl 
distillation  of  the  ammonia. 

Determination  of  the  nitrile  group,  -GN. — This  is  determined  by  acid 
hydrolysis  to  the  ammonium  salt  followed  by  distillation  of  the  ammonia  into 
standard  acid  as  in  Ejeldahl's  method. 

(1)  Most  nitriles  are  hydrolysed  by  boiling  with  strong  hydrochloric  acid 
(reflux)  till  they  have  gone  into  solution.  Then  they  are  made  stron^y 
alkaline  and  distilled. 

(2)  Some  require  alkaline  or  even  alcoholic  alkaline  hydrolysis.  In  this 
case  the  apparatus  is  as  for  Zeisel's  ethoxyl  determination  (p.  421).  The  bulbs 
in  this  case  contain  concentrated  potash  and  the  ammonia  is  driven  out  by  a 
current  of  air  into  standard  acid  in  the  two  absorption  flasks. 

Certain  cases  of  steric  hindrance  have  been  studied  by  Hantzsch  and  Lucas 
{B,  28,  748).  In  these  cases  acid  hydrolysis  is  useless  and  prolonged  alcoholic 
alkaline  hydrol3rsis  is  necessary. 

Determination  of  the  nitro-«roap»  -NOj. — ^Aromatic  nitro-groups  are 
determined  by  reduction  to  amine  with  stannous  chloride  and  titration  of  the 

excess  of  stannous  chloride  with  :r^  iodine  or  permanganate.    (Not  applicable 

to  picric  acid,  etc.,  or  to  nitro-naphthols.)    (See  Young  and  Swain,  J.C.S., 

1898,  ii.  186.    Altmann,  J,pr.  Oh.,  1901  [2],  63,  370.) 

N 
1  C.C.  —  iodine  =  -0069  gm.  Sn=  0007655  gm.  NO,. 

If  the  body  is  non-volatile,  weigh  out  about  0*2  guL,  and  place  it  in  a  100  c.c. 

glass-stoppered  flask.    Add  10  c.cs.  of  stannous  chloride  of  known  titre,  titrated 

immediately  before  use.    This  solution  is  made  by  dissolving  30  gms.  of 

granulated  tin  in  strong  hydrochloric  acid,  decanting  from  any  residue,  adding 

10  c.cs.  of  pure  hydrochloric  acid  and  making  up  to  200  c.cs. 

The  amine  and  tin  solution  is  warmed  for  half  an  hour,  cooled,  made  up 

to  100  c.cs.  and  shaken.    25  c.cs.  are  transferred  to  a  beaker,  a  solution  of 

10  %  Rochelle  salt  and  9  %  sodium  carbonate  added  till  the  ppt.  first  formed 

N 
redissolves,  and  the  excess  of  stannous  chloride  titrated  with  ~  iodine  with 

starch  as  indicator. 

Reactions:  R.NO,  +  3SnCl,  +  6Ha=R.NH,  +  3Sna4  +  2H,0 
28nCl,  +  21, = Sna^  +  Snl^. 

If  the  body  is  readily  volatile,  Veigh  it  in  a  small  corked  test-tube.  The 
cork  is  removed  and  the  tube  dropped  into  a  small  stopjpered  bottle  containing 
the  stannous  chloride.  The  stopper  is  tied  on  securely  and  the  bottle  heated 
in  a  water-bath  with  constant  shaking  for  1-2  hours.  When  cool  open  and 
proceed  as  above.    For  another  method  see  pp.  219  and  274. 

Determination  of  diazonimn  bodies  (Bamberger,  B.  27,  25,  98).— The 
nitrogen  is  driven  off  by  boiling  with  dilute  sulphuric  acid  in  a  small  flask 
fitted  with  a  reflux     The  top  of  the  reflux  is  connected  to  a  nitrometer  as  in 
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gasometric  detenmnations  (Volumetric  Analysis,  p.  275).  After  adjusting 
the  pressure  to  atmospheric,  the  solution  is  boiled  and  allowed  to  cool  before 
final  adjustment  of  the  gas  volume. 

Hehner's  method  {J.  pr,  CK  63  [27]  (1091), 
304)  is  also  suitable  for  determining  diazo- 
amino  bodies.  A  test-tube  about  3  x  10  cms. 
is  fitted  exactly  as  shown  in  Fig.  109.  E  is 
connected  to  a  nitrometer  filled  with  potash  (as 
in  Dmnas'  nitrogen  determination),  ^  to  a 
COg  Kipp  and  C  to  an  air-pump.  B  is 
drawn  out  to  a  point,  and  is  filled  with  distilled 
water  below  the  tap. 

A  weighed  amount  of  the  substance  is  placed 
in  the  test-tube  and  the  tube  exhausted.  COj 
is  let  in,  exhausted  again,  and  this  is  repeated 
several  times.  Finally  the  tube  is  filled  with 
CO,  and  C  closed.  Now  introduce  some  strong 
hydrochloric  acid  through  the  tap-funnel  (do 
not  let  any  air  in) ;  the  liquid  is  boiled  and  the 
nitrogen  evolved  is  collected  in  the  nitrometer 
and  measured  in  the  usual  manner. 

Determination  of  iodoBO  and  iodoxy  groups* 

- 10  and  lOt  ( WiUgerodt,  B.  26, 3495).— These, 

in  the  presence  of  acid,  liberate  iodine  from 

potassiimi  iodide  in  amount  equivalent  to  their 

oxygen  content.    They  are  digested  on  a  water-bath  in  a  securely  stoppered 

bottle  with  strong  potassium  iodide  solution  and  some  glacial  acetic  acid. 

N 
Finally  the  liberated   iodine  is  titrated  with  z^  thio-sulphate. 

Estimation  of  gluoose  (vdumetricaUy). — 1.  By  Pavy's  soltUion, 
Principle. — The  glucose  is  oxidised  to  oxalic  acid  by  a  copper  salt,  which 

is  reduced  to  Cu^O  with  decolorisation.    The  presence  of  Bochelle  salt  and 

ammonia  prevents  the  pptn.  of  CujO. 

Pavy's  solution  is  made  by  dissolving  3*466  gms.  of  pure  copper  sulphate 

in  200  CCS.  of  water  and  adding  it  to  a  solution  of  20  gms.  of  Rochelle  salt 

and  18  gms.  of  caustic  soda  in  200  c.cs.  water.    Now  300  c.cs.  of  '880 

ammonia  are  added  and  the  whole  made  up  to  a  litre. 

1  c.c.  =  '0005  gm.  glucose. 

The  exclusion  of  air  is  necessary  during  the  titration,  which  is  carried  out  at 
the  boil.     Standardise  this  solution  against  a  known  glucose  solution. 

Place  100  c.cs.  of  Pavy's  solution  in  the  flask,  and  exclude  air  either  by 
fittjng  it  with  a  cork,  through  which  pass  (1)  the  burette  end,  (2)  an  escape 
tube  leading  to  a  vessel  of  acid  to  absorb  the  ammonia,  or  by  a  layer  of  high 
boiling  paraffin  on  the  solution  (Allen,  Commercial  Organic  Analysis), 
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Boil  the  liquid  gently  and  add  the  sugar  solution  till  the  Pavy's  reagent  is 
just  decolorised.  This  must  take  place  before  the  ammonia  has  evaporated, 
yet  not  so  quickly  as  to  overshoot  the  mark,  as  the  reaction  is  somewhat  slow. 
Repeat  more  accurately  after  performing  an  approximate  determination. 

Cane  sugar  may  be  estimated  in  the  same  manner  after  inversion  by 
boiling  for  15  minutes  with  2  c.cs.  of  strong  hydrochloric  acid  and  100  c.cs. 
of  water  for  each  gram  of  sugar.  After  cooling  neutralise  the  acid  by  adding 
soda.    Make  up  to  100  c.cs.  again  and  titrate  as  above. 

1  c.c.  Pavy's  solution  = '000481  gm.  invert  sugar. 

2.  By  Oerrard's  cyanide  modification  of  Fehling's  method.  The  use  of 
Fehling's  solution  alone  is  somewhat  imreliable  owing  to  rapid  reoxidation 
of  pptd.  Cu^O,  but  in  Gerrard's  method,  pptn.  is  prevented  and  reoxidation 
hindered  by  means  of  a  solution  of  the  double  cyanide  of  copper  and  potassium. 
This  solution,  which  does  not  enter  into  the  calculation  though  containing 
copper,  is  made  by  diluting  say  100  c.c.  of  Fehling's  solution  (see  below)  with 
about  250  c.c.  of  water,  boiling  and  adding  a  5  %  solution  of  ECN  from  a 
burette  until  the  colour  just  vanishes.    Cool  and  make  up  to  500  c.c. 

Perform  the  titration,  by  taking  50  c.c.  of  this  solution,  in  a  large  porcelain 
dish,  and  to  it  add  10  c.c.  Fehling's  solution  previously  standardised  by  this 
method  against  a  known  glucose  solution. 

Keep  boiling  and  titrate  with  the  solution  to  be  determined  from  a  burette 
until  the  colour  vanishes.  If  necessary,  dilute  the  unknown  solution  so  that 
about  10-15  c.c.  are  required  for  the  titration ;  the  strength  of  the  sugar 
solution  should  always  be  of  this  order. 

The  Pehling's  solution  is  made  up  by  mixing  equal  quantities  of  the  two 
following  solutions  just  before  use,  as  the  mixture  does  not  keep  : 

First  Solution, — Dissolve  34-66  gm.  CUSO4  •  5H2O  in  about  350  c.c.  water, 
cool  and  make  up  to  500  c.c.  (Keep  clear  with  a  drop  or  two  (only)  of  dilute 
H^04  if  necessary.) 

Second  Solution. — ^Dissolve  180  gm.  Rochelle  salt  in  about  300  c.c.  water, 
add  75  gm.  NaOH  or  about  100  gm.  KOH  after  filtering,  and  make  up  to 
500  c.c. 

Since  CeHiaO«=  5CUSO4  .  5H2O, 

each  titre  of  10  c.c.  mixture  =  0-05  gm.  glucose  or  0*06  gm.  lactose. 

Literature. 

Most  of  the  books  quoted  under  Organic  Preparations. 

*  Commercial  Organic  Analysis.     Abup.     (Churchill.) 

For  tables  of  physical  constants  for  organic  compounds,  see  books  of  Kays 

and  Laby,  Landolt-Bornstein,  or  Richter*s  ^Lexicon  der  Kohlen- 

stofi  verbindungen.  * 

*  An  introduction  to  the  commercial  side. 
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BOOK  VL 
PHYSICAL  CHEMISTRY. 

INTRODUCTION. 

CALCULATION  OF  BBSUI/TS. 

Calculatioii  of  results. — ^As  in  Physical  Chemistry  we  rely  largely  upon  the 
methods  of  physics  for  deducing  laws,  the  subject  is  almost  entirely  quantita- 
tive and  depends  upon  accuracy  in  working. 

Errors  are,  of  course,  imavoidable,  and  may  be  classed  into 
{a)  Constant  errors. 
(b)  Experimental  errors. 

Constant  errors  can  only  be  avoided  by  performing  the  experiment  by 
many  different  methods ;  thus,  the  determinations  of  the  atomic  weight  of 
Tellurium  suffer  from  the  fact  that  possibly  another  element  is  associated 
with  it,  and  until  the  element  is  prepared  from  some  source  independent  of 
this,  the  result  must  be  inaccurate. 

Experimental  errors  depend  upon  the  sensitivity  of  the  apparatus  and 
the  slall  of  the  experimenter.  If  several  experiments  are  performed,  the 
mean  will  be  very  near  the  correct  result. 

The  significant  figure  to  which  the  result  is  carried  depends  on  the  least 
accurate  reading ;  for  example,  it  is  manifestly  useless  to  trouble  about  the 
third  place  of  decimals  when  the  accuracy  of  some  determinations  in  the 
same  series  and  of  the  same  order  is  only  carried  to  the  first  place. 

If  the  numbers  1-2,  2-34,  4-567  be  added,  the  accuracy  of  each  number 
being  tacitly  represented  by  the  number  of  places  of  decimals,  the  sum  is 
only  significant  to  the  first  place,  though  the  next  figure  is  often  included. 

Errors  per  cent,  can  be  calculated  and  the  results  made  consistent. 

If  two  quantities,  x  and  y,  are  proportional  to  one  another,  one  being 
determined  by  means  of  the  other,  then  if  x  varies  as  y,  the  relative  error  is 
the  same  in  both,  and  if  a; = ay,  the  absolute  error  in  y  is  a  times  that  in  x. 

But  if  a;  oc  y*,  then  —  and    -  represent  relative  errors  in  x  and  y. 

We  have  <ix = 2y(iy, 

.    dx    2ydy    2dy 
"    x^'y^  ^  y 
427 
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BO  that  the  relative  error  in  y  is  proportional  to  its  index,  and  the  absolute 
error  in  the  above  case  to  (2a? »  2ydy, 

The  probable  error  is  known  from  the  results ;  thus,  if  a  series  of  results 
is  2-57,  2-55,  2*54  and  2-58,  the  mean  is  2*56,  the  individual  deviations  are 
•01,  -01,  -02,  '02,  the  average  is  -015,  so  that  the  error  of  the  determination 
is  16  in  2560  or  0-6  %. 

Elnowing  the  error  expected,  suitable^logarithmsjshould  be  used  for 
working  up  the  results — ^five  figure  logarithms  have  a  possible  error  of  about 
one  in  30,000,  seven  figure  logarithms  of  one  in  1,000,000. 

Apparatus. — The  general  apparatus  hj  means  of  which  determinations 
are  made  is  chiefly  that  for  determining  mass,  volume,  and  temperature. 
All  measuring  apparatus  must  be  calibrated. 

N.B, — The  terms  "  weighing  "  and  "  weight "  will  be  used  in  future ; 
the  student  will  appreciate  the  difEerence  between  mass  and  weight. 

lleasiiiement  of  weight. — This  is  the  most  accurate,  and  at  the  same  time 
most  general  operation  in  obtaining  results.  Accurate  results  depend  on  the 
sensitiveness  of  the  balance  and  upon  the  accuracy  of  the  weights,  which 
must  be  calibrated  after  determining  the  '  zero  point '  of  the  balance,  or 
mean  point  about  which  the  balance  pointer  swings. 

If  this  zero  point  is  more  than  two  divisions  from  the  centre,  the  adjust- 
ments of  the  balance  must  be  altered  and  the  process  repeated. 

Determination  of  the  sensitiveness  of  a  balance. — The  sensitiveness  .may  be 
increased  by  raising  the  small  screw  adjustment  at  the  top,  but  as  this  increases 
the  time  of  oscillation,  care  must  be  taken  not  to  overdo  it. 

To  determine  the  sensitiveness  for  a  given  load,  place  one  of  the  given 
loads  in  each  pan  and  note  the  zero  point.  Then  increase  the  load  on  one 
side  and  again  determine  the  resting  point.  From  the  difference  the  move- 
ment per  milligram  per  load  can  be  calculated. 

Repeat  with  different  loads  and  plot  a  graph  shewing  the  sensitiveness  in 
each  case  against  the  pan  load. 

This  curve  will  serve  to  simplify  weighings,  interpolation  giving  inter- 
mediate readings. 

Thus,  if  the  zero  point  is  +0*4  divisions  (i.e.  4  divisions  right)  with  a  load 
of  5-356  grams,  and  with  5-357  grams  it  is  -  0-2,  the  sensitiveness  for  the  load 
5-356  as  determined  by  the  curve  being  1*2,  the  true  weight  is 

Q.g  (dlfFerenoe) 
5-356  gr.  +  tj-s  na.g.  =  5*3565  m.g. 

The  results  should  not  be  carried  to  too  many  places  of  decimals  as 
they  will  have  no  meaning. 

It  is  seldom  that  balance  arms  are  sufficiently  unequal  in  length  to  make 
any  serious  difference,  particularly  if  the  same  pan  be  employed  for  the  load 
each  time. 

Should  an  absolute  weight  or  mass  be  required,  the  ratio  of  the  arms  being 

R  R 

y  (jR bright;  £=left  arm),  (see  below),  then  the  weight  W^yW^  where  to 

is  the  apparent  sum  of  the  "  weights  "  in  the  right-hand  pan. 
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CSalibration  of  the  weights  {Kohlrausch's  method). — ^Take  a  full  set  of  weights, 
*  50/  20,  101,  lot,  5^  2,  l\  1*,  1»,  and  the  fractions. 

Put  the '  50 '  on  one  pan,  and  the  others,  totalling  50,  on  the  other. 

If  they  do  not  balance,  place  small  weights  on  the  lighter  side  until  they  do. 

Thus,  suppose 

*50*=20  +  10i  +  10«+5  +  2  +  li  +  l«  +  P  +  rmg. 
Tiansferring  to  the  other  pans, 

20  +  10  +  10  +  5  +  2  +  P  +  l«  +  P  +  I=50. 

From  these  measurements,  we  know  that  if  R  and  L  are  the  efEective 
lengths  of  the  arms, 

R    ,       Z-r 


L    ^100000' 

and  *50'=20  +  10i  +  10«+5+2  +  li  +  l«  +  P  +  J(r  +  Qmg. 

Similarly  we  may  compare  the  *  20 '  with  10*  + 10*, 

101  ^th  10«, 
10*  with  5  +  2+  ....,  and  so  on. 

If  relative  weighings  alone  are  required,  we  may  assume  the  *  50 '  to  be 
correct ;  if  absolute  weighings  are  necessary,  the  '  50 '  should  be  compared 

with  a  standard,  and  -=  determined  for  different  loads  for  future  reference. 

Thus:       A.        50  (standard)    =^  50' +00002  gm. 
*  50' +0-0008   =50  (standard). 
/.  50  (standard)   =.  *  50 '  +  i  (0-0002 + 0-0008). 
=  •50' +00005  gm. 
.-.  '50'    =49-9995  gm. 
B.        •50'+00012   ='20'  +  *10'  +  10»+ .... 
'20'  +  ....  =50+0-0034. 

/.  '50'     =(20m- ) +0-0023. 

Hence,  in  true  weight, 

'20'  + =49-9995 -0-0023, 

=  49-9972  absolute. 

Finally,  having  found  the  differences  between  the  lower  weights,  we  obtain 
the  absolute  values  of  all  the  weights  in  turn. 

Ckxneotion  for  air  displacement. — Suppose  the  body  being  weighed  has  the 
density  d,  the  brass  weights  having  the  density  8-5. 

Then,  if  the  weights  total  W  gm.,  assumed  true  except  for  air  displacement, 
the  actual  weight  of  these  is 

W 

»r  +r-^  (0-0012),  taking  air  as  0-0012  gm.  per  cc. 
0-5 

W 

To  the  first  approximation  the  volume  of  the  body  is  -7 ,  and  the  weight  is 

therefore  Fx  0-0012 

TF  +  — ^— ; 
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.',  True  weight  as  determined  by  the  balance  is 

^     »rxO0012    Tfx  0-0012 


"^         d 

8-5 

"* 

Hence  for  every  gram, 

there  must  be  added 

^•^^5-8-5)'^' 

00012 
d 

-000014. 

Corrections  per  gram. 

Body  of  density    1 

+  1-06    mg. 

7 

+0-029  mg 

2 

+0-457  „ 

8 

+0-007  „ 

3 

+0-257  „ 

9 

-0-010  „ 

4 

+0-157  „ 

10 

-0-023  „ 

5 

+0-097  „ 

13-6 

-0055  „ 

6 

+0-057  „ 

Calibration  of  measuring  instmments. — To  calibrate  a  flask,  weigh  empty, 
then  fill  to  the  mark  with  distilled  water  and  weigh  again,  noting  the  tempera- 
ture. Allow  for  the  air  and  reduce  to  vacuum  standards.  The  volume 
corresponding  to  the  apparent  weight  of  one  gram  of  water  is  then  looked  up 
from  Tables.  If  the  vessel  be  small,  mercury  is  employed  owing  to  the  greater 
specific  gravity,  and  therefore  the  smaller  relative  error  in  volume  calculated 
from  weight  and  specific  gravity. 

For  further  details  regarding  the  calibration  of  pipettes,  burettes,  etc., 
see  the  section  on  Quantitative  Analysis, 

Determination  of  temperatore. — The  use  of  thermometers  is  dealt  with  in 
text-books  of  Physics,  but  a  few  general  points  are  here  raised. 

Mercury  thermometers  are  used  in  the  vast  majority  of  cases  for  tempera- 
tures up  to  300^  C,  and  they  must  be  calibrated  either  by  determining  fixed 
points  or  by  comparison  with  standard  or  air  thermometers. 

Useful  fixed  points  are : 

Melting  points  of  ice  and  naphthalene. 

Boiling  points  of  ether,  methyl  alcohol,  absolute  alcohol,  water,  amyl 
alcohol,  aniline,  nitrobenzene,  mercury. 

The  errors  are  determined  (allowing  for  exposure  of  the  stem)  and  plotted 
on  a  graph. 

When  thermometers  are  calibrated  by  comparison  with  a  standard,  the 
two  are  placed  side  by  side  in  a  liquid  bath,  the  temperature  being  then 
raised  slowly.  The  readings  are  recorded  at  each  degree  and  the  errors 
plotted  as  for  burettes. 

If  the  thread  protrudes  for  n  degrees  of  exposed  stem,  (,  being  the  true 
temperature  and  t^  the  mean  external  temperature  of  the  stem,  a  the  coefficient 
of  apparent  expansion  of  mercury  (0*000156),  then  the  correction  to  be  added  is 

na{t,-Q. 

N.B, — Thermometers  accurately  calibrated  by  the  N.P.L.  or  Kew  can  be 
purchased. 

Measurement  of  high  temperatures  (platinum  resistance  thermometer). — 
The  resistance  of  a  platinum  wire  varies  almost  linearly  with  the  absolute 
temperature,  though  the  exact  relation  is 
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At  -273**  C.  the  resistance,  judged  from  temperatures  just  above  it, 
would  be  zero. 

We  can  calibrate  the  thermometer  by  finding  the  values  of  a  and  j9  by 
measurements  of  the  resistance  at  fixed  temperatures,  and  so  construct  a 
curve  which,  by  interpolation^  will  give  us  the  relation  at  any  temperature. 

The  platinum  resistance  thermometer  consists  of  a  thin  platinum  wire 
about  one  metre  long  wound  around  a  mica  cross  into  which  niches  are  cut 
to  hold  the  wire  in  position.  It  is  carried  down  into  its  protecting  porcelain 
tubes  by  means  of  thick  copper  leads,  a  dummy  pair  of. 
leads  not  joined  to  the  platinum  wire  being  included  to 
act  as  compensators. 

Effects  due  to  magnetic  induction  are  avoided  by 
winding  the  wire  downwards  and  theft  doubling  it  back  in 
a  reverse  spiral  from  the  bottom  upwards.    (Fig.  110.) 

The  resistances  of  the  leads  and  of  the  compensators 
are  foimd ;  in  a  good  instrument  they  should,  of  course, 
be  equal. 


(KE 


Fio.  110. 
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The  resistance  of  the  instrument  is  determined  by  means  of  a  Wheatstone 
Bridge  apparatuai  using  a  sensitive  coil  galvanometer.  (See  books  on  Practical 
Physics,  also  Electro-Chemistry^  Chapter  X.) 

Referring  to  Fig.  Ill,  if  jB  be  the  resistance  of  the  leads  and  platinum 
wire,  fig  and  R4  the  resistances  of  the  bridge  arms  and  R^  a  variable  standard 
resistance  or  Rheostat,  then  at  the  balance  point 

jBi+ resistance  of  compensator  :  -R3  : :  R:  R^. 

The  increase  in  the  resistance  of  the  compensator  after  placing  the  instru- 
ment in  a  high  temperature  enclosure  must  be  found  and  reckoned. 

If  a  special  apparatus  be  employed  in  which  the  compensator  is  placed  as 
shown,  jRj  and  R^  being  eqiuil  standard  resistances,  and  R^  a  Rheostat  gradu- 
ated in  degrees  and  tenths  of  a  degree  (or  less),  the  temperature  on  obtaining 
the  balance  in  a  galvanometer  may  be  read  off  directly,  as  in  this  case  the 
compensator  neutralises  exactly  the  effect  of  the  leads. 
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The  Redfltance  thermometer  may  be  employed  for  temperatures  up  to 
13W  C.  and  down  to  -  250**  C. 

Thermo-electric  thermometers  may  also  be  used  for  determining  tempera- 
tures, the  E.M.F.  generated  being  calibrated  by  fixed  points  with  the  aid  of  a 
sensitive  galvanometer. 

Thermostats. — Constant  temperatures  enclosures  are  termed  thermostats. 
These  may  be  divided  into 

1.  Thermostats  for  Short  Periods. 

2.  Thermostats  for  Indefinite  Periods. 

1.  Short  Period  thermostats  are  obtained  by  the  use  of  melting  or  boiling 
substances,  or  substances  undergoing  transition,  e.g.  melting  ice  packed 

GAS      c 
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aroimd  the  enclosure  or  water  boiling  in  the  outer  portion  of  a  double  vessel, 
the  water  being  kept  constant  in  volume  either  by  the  attachment  of  an 
upright  condenser  to  the  vent  tube  or  of  a  side  tube  device  such  as  that  shown 
in  Pig.  112. 

2.  Indefinite  Period  thermostats  require  a  regulator  placed  in  the  enclosure, 
also  some  stirring  device. 

A  regulator,  two  forms  of  which  are  shown  in  Fig.  113,  may  be  made  very 
easily  from  a  few  pieces  of  glass  tubing. 

The  bulb  A  is  filled  with  mercury,  toluene,  aniline,  or  some  convenient 
liquid  with  a  high  coefficient  of  expansion  and  sufficiently  high  boiling  point. 
This  is  done  by  exhausting  A  by  means  of  a  pump  whilst  D  is  joined  to  a 
clipped  rubber  tube  connected  with  a  supply  of  the  liquid.  The  clip  is  then 
opened,  causing  liquid  to  run  in,  the  operation  being  repeated  until  enough 
has  been  introduced. 

Finally,  in  (6),  the  capillary  is  filled  with  well  cleaned  mercury. 
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To  regulate  the  device,  place  in  the  thermostat,  connect  tube  C  to  the 
gas  supply,  and  D  to  the  burner  heating  the  thermostat.  The  temperature 
rises  until  the  mercury  is  forced  up  the  capiUary  closing 
the  end  of  C,  A  small  hole  B  in  tube  C  aflows  sufl&cient 
gas  to  pass  to  maintain  a  tiny  flame  until  the  mercury  recedes 
again. 

By  varying  the  height  of  C  the  required  temperature  may 
be  obtained ;  for  temperatures  below  50**  C.  a  small  bunsen 
giving  a  luminous  flame  will  suffice,  but  whenever  a  bunsen  is 
used  arrangement  must  be  made  for  preventing  any  ''  striking 
back."    An  Argand  burner  is  better. 

The  stirring  arrangement  is  best  given  by  means  of  vanes 
on  a  rod  rotated  by  means  of  a  pulley  and  belt  attached  to  an 
electric  motor  or  hot  air  engine. 

CnA^T^jrifig  of  niercnry. — When  mercury  is  amalgamated  with 
an  easily  oxidised  metal  such  as  zinc,  it  may  be  purified  by 
drawing  a  current  of  air  through  the  liquid  under  a  solution 
of  mercurous  nitrate  acidified  with  a  little  nitric  acid,  when 
the  zinc  will  oxidise. 

Another  method  is  to  feed  the  foul  mercury  from  a  pin- 
holed  filter-paper  in  a  funnel  through  dilute  nitric  acid,  and 
draw  it  o£E  in  the  manner  shown  in  Fig.  114. 

With  other  metals  it  will  be  necessary  to  distil  the  carefully 
dried  mercury,  preferably  undor  diminished  pressure  or  in 
vacuo. 

Vacuum  innnpt* — ^Details  of  these,  e,g,  the  Sprengel  and  Toepler,  occur  in 
text-books  of  Physics. 


FIO.  114. 
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CHAPTER  I. 


DENBIT7. 

Deflnitioiis. 

1.  The  Density  of  a  body  is  the  mass  of  unit  volume. 

2.  The  Relative  Density  is  the  mass  of  a  certain  volume  of  a  substance 
compared  with  the  mass  of  the  same  volume  of  a  standard  substance  at  the 
same  temperature  ^and  pressure  in  the  case  of  a  gas). 

3.  The  Specific  Gravity  is  the  ratio  of  the  mass  of  a  certain  volume  of  the 
substance  compared  with  the  mass  of  the  same  volume  of  water  at  4^  C.  (the 
temperature  of  the  maximum  density  of  water). 

4.  The  Specific  Volume  of  a  substance  is  the  volume  occupied  by  unit  mass 
of  the  substance. 

5.  The  Molecular  and  Atomic  Volumes  are  the  volumes  occupied  by  the 
molecular  and  atomic  weights  of  a  substance  respectively. 

Note. — In  the  case  of  gases  the  density  of  hydrogen  at  the  same  temperature 
and  pressurejasjthat  of  the  gas  in  question  is  taken  as  the  standard. 

Symbols, — The  symbols  d  and  p  are  usually  em- 
ploy^ for  denoting  density,  (If  signif3ring  the  density 
of  a  substance  at  t'^  compared  with  that  of  water 
att**. 

(1)  Density  of  lolids. — The  methods  employed  are 
dealt  with  in  elementary  books  on  mechanics.  Sum- 
marised, they  are  as  follows : 

1.  By  determination  of  the  mass  and  volume 
directly  or  by  difEerence. 

2.  By  the  specific  gravity  bottle. 

3.  By  Archimedes'  Principle — ^weighing  in  air  and 
•water  or  other  liquid. 

4.  By  preparing  a  liquid  in  which  the  body  wiU 
just  float  or  sink,  and  finding  the  specific  gravity  of 
this. 

(2)  Density  of  liaoids. — The  density  of  liquids  may 
be  determined  at  ordinary  temperatures,  (a)  by  hydrometers  or  the  Westphat 
balance. — See  elementary  books  on  Mechanics.    (6)  By  the  pyhnomeier. 

The  pyknometer  is  a  small  instrument  with  a  bulb  of  about  6-16  c.c. 
capacity,  and  of  the  shape  shown  in  Pig.  115  or  similar  thereto. 

It  can  be  made  easily  from  capillary  tubing,  and  is  readily  filled  and  cleaned. 
The  ends  A  and  B  are  fitted  with  ground  glass  caps,  or  with  loosely 
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fitting  caps  which  are  simply  pushed  on.  The  bore  of  the  capillary  tubing 
should  be  about  1  nun. 

To  clean  it,  wash  well  with  chromic  acid  mixture  followed  by  (1)  distilled 
water,  (2)  redistilled  methylated  spirit.  Then  draw  a  filtered  current  of  air 
through  it,  warming  in  the  steam-oven  for  some  minutes  while  the  air  is  passing. 

It  is  necessary  to  wait  for  a  considerable  time  (at  least  a  day)  to  aUow  the 
volume  to  return  to  its  constant  value,  but  if  this  cannot  be  done  the  warming 
is  not  carried  out.  In  this  case  another  washing  with  redistilled  ether  is 
necessary,  after  which  a  current  of  clean  air  is  aspirated  through  it. 

When  clean  and  dry,  weigh  the  instrument  empty  by  suspending  it  from 
the  balance  hook  with  a  platinum  wire,  taking  the  weighing  to  the  fourth 
place  of  decimals. 

To  fill,  dip  the  end  A  under  freshly  distilled,  air-free  water,  and  with  a 
rubber  tube  placed  over  the  end  B,  suck  imtil  the  bottom  of  the  meniscus 
stands  beyond  the  mark  G  in  tube  B, 

Then  suspend  in  a  constant  temperature  bath  for  half  an  hour,  after  which, 
bring  the  meniscus  exactly  to  the  mark  c  by  touching  a  with  a  filter-paper 
to  extract  water. 

If  too  much  is  withdrawn,  more  must  be  introduced  by  bringing  a  drop  of 
water  into  contact  with  a  and  tilting  the  pyknometer  away  from  it. 

When  adjusted  exactly,  tilt  the  instrument  so  that  the  water  leaves  the 
end  a  and  enters  the  bulb  c ;  dry,  place  caps  on  the  ends,  stand  in  a  beaker  in 
the  balance  case  until  it  has  assumed  the  surrounding  temperature,  and  weigh. 

Finally,  dry  and  repeat  the  operations  with  the  liquid,  the  density  of  which 
is  required. 

liwhe  the  weight  of  the  water,  tVi  that  of  the  liquid  at  t^  C, 


then 


or 


w 
w 


(^=D    1 X  (density  of  water  at  f=d). 


w 


Reducing  to  vacuum  standard 

^  Wyi    0-0012  {Wi  -  w) 


w 


w 


TMe  ofdenaities  of  water  at  different  temperatures. 
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FIG.U16. 


(3)  Density  of  a  lianid  at  or  near  its  boiling  point. — This  may  be  done  by 
Crompton's  form  of  Ramsay  and  Lothar  Meyer's  pyknometer. 

In  this  case  the  instrument  (Fig.  116)  is  filled  with 
the  liquid  in  question  and  suspended  by  a  wire  inside 
a  closed  vessel  containing  the  liquid,  a  thermometer, 
and  an  upright  condenser. 

The  liquid  is  boiled  and  kept  boiling  for  half  an 
hour.  Then,  by  means  of  a  rubber  tube  slipped  over 
B  and  a  glass-rod  pushed  through  it,  the  liquid  is 
driven  down  B  untH  the  surface  arrives  exactly  at 
point  0,  being  driven  over  at  A. 

Having  now  the  exact  amount,  draw  back  the  rod 
to  free  the  end  A,  close  the  ends,  take  out,  dry,  cool 
and  weigh. 

At  high  temperatures,  the  expansion  of  the  vessel 
must  be  taken  into  consideration. 

If  the  density  be  determined  at  t'^  C, 
Vol.  of  pyknometer  at  <'°  =  F/  =  V,{1  +0-000025(t'  - 1)} 
(where  0000025  is  the  coefficient  of  cubical  expansion  of  glass  per  degree  C.) 

=^'(1+0-000025(«'-0, 
where  Wf  is  the  weight  of  water  contained  at  t^,  dt  the  density  of  water  at  t^. 

So  we  can  get  the  density  of  the  liquid  at  t'^  =  — ,  where  w^  is  the  weight 
of  the  liquid  at  t'^  C.  ^^ 

Exercises, — 1.  Find  the  specific  and  molecular  volumes  of  benzene,  toluene 
and  xylene  at  25**  C. 

2.  Find  the  specific  volume  of  aniline  at  its  boiling  point. 

Anftthftr  method. — ^A  pyknometer  of  capacity  about  4  c.c.  as  used  by 
Ramsay  is  shown  in  Fig.  117. 

The  interior  volume  is  first  determined  by  weighing  full  of  air  after  cleaning 
with  alcohol,  heating  and  drying  thoroughly,  and  then  weighing  full  of  air-free 
distilled  water  at  ordinary  temperatures. 

The  coefficient  of  expansion  of  glass  may  be  determined  by  weighing  full 
of  water  at  100**  by  the  method  described  below. 

Operations, — (1)  Clean  by  washing  with  distilled  alcohol,  then  evacuating 
with  a  vacuum  pump. 

(2)  Fill  with  boiled  distilled  water  by  placing  under  water  in  a  vacuum 
desiccator,  reducing  and  increasing  the  pressure  alternately.  The  last  bubbles 
may  be  expelled  by  heating. 

Then  place  the  pyknometer  in  water  for  20  minutes  at  a  constant  known 
temperature  (a  little  above  that  of  the  balance  case)  and  weigh. 


Calculation. 

Let  w^  be  the  weight  of  the  pyknometer  empty,  w^  weight  filled  with 
water  at  t°  C. 
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Wa-W, +- 


W^-i 


Then  internal  volume  at  f  C.=»Ft  = 
first  approximation. 


i, 


^x  0-001293 


d, 


to  the 


Now  fill  with  water  at  100^  by  means  of  the  apparatus  shown  in  Fig.  118, 
which  is  heated  by  a  small  flame  as  it  rests  in  a  hole  cut  in  a  piece  of  asbestos 
mill-board.  Raise  or  lower  the  instrument  as  necessary,  and  note  the  tem- 
perature of  the  steam  and  the  pressure. 


/^ 


FIO.  117. 


/'reflux 


no.  118. 


After  heating  in  steam  for  15-20  minutes,  dry,  hang  in  the  balance  case 
and  weigh  when  cool. 

Let  w^  be  the  weight  of  the  pyknometer  filled  with  water  at  the  higher 
temperature  T,  D^  the  water  density. 

Then  internal  volume  at  T 


"Vm  — 


t^s-^ 


-'+*. 


allowing  x  for  air  displacement  as  before. 

Hence,  the  mean  coefficient  of  expansion  is  approximately 

where  f  is  not  high. 

Empty  with  the  aid  of  a  vacuum  desiccator,  reclean  and  refill  with  another 
liquid,  and  so  obtain  the  density  of  that  liquid,  operating  as  above. 

Exercises, — By  comparing  the  molecular  volumes  (at  boiling  point)  of 
various  bodies  of  definite  differences  in  composition,  it  is  possible  to  arrive 
at  values  for  the  atomic  volumes  of  the  elements  in  them.  This  has  been  done 
only  for  organic  bodies  (to  any  extent).    Kopp,  Thorpe,  Lessen  Schiff  and 
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Hortsmann  have  oonfirmed  Eopp's  conclusionB  generally.  The  atomic 
volume,  however,  is  not  strictly  additive.  See  Nernst,  Theoreiioal  Chemistry y 
pp.  330  #. 

Suitable  liquids  to  use  for  these  exercises  are : 

For  volume  of  CH^         -    Ethyl  formate  and  ethyl  acetate. 
„        „        „  -  0  -       -    A  paraffin  and  an  ether. 

„  hydrogen   \Butyl  alcohol  fjr^^. 
„       „        „  carbon       /Phenol.  ^^""PP'* 

„        „        „  0  in  OH  -    Ethyl  alcohol  (compare  with  calculated 

volume). 
„        „        „  CI  (etc.)  -    Benzene  and  chloro  (etc.)  benzene. 

The  atomic  volumes  obtained  by  Eopp  and  others  (though  many  authori- 
ties have  disagreed)  are : 

C  =  ll.  Br=27-8. 

H=  5-5.  0(0H)=  7-8. 

a=22-8.  0(inC0)  =  12-2. 

Structure  has  a  great*  effect  on  the  volume. 
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CHAPTER  II. 

SOLUBnJTT. 

1.  Gases  in  liaiiids. — ^The  solubH^y  of  a  gas  in  a  liquid  is  the  volume  of 
gas  absoibed  by  1  c.c.  of  the  liquid  under  the  conditions  of  the  experiment. 

The  absorption  confident  is  the  volume  of  gas,  reduced  to  0°  and  760  mm. 
pressure  which  would  be  absorbed  in   1   c.c.   of 
liquid  if  the  pressure  of  gas  above  the  liquid  is 
760  mm. 

(a)  Direct  method  for  gases  not  very  soluble.— 
The  sohibUUy  and  hence  the  absorption  coefficient 
is  easily  foxmd  by  a  simple  form  of  Heidenhaim 
and  Meyer's  apparatus,  Fig.  119.  b 

The  determination  is  carried  out  thus : 

A  thermostat  large  enough  to  take  the  burette  B 
and  the  pipette  C  employed  to  keep  the  tempera- 
ture constant.  The  gas  in  the  burette  may  be 
confined  either  over  mercury,  or,  more  accurately, 
over  the  solvent  saturated  with  the  gas  in  question, 
especially  if  the  gas  acts  on  mercury  {e,g,  chlorine). 

The  volume  of  C  is  found  By  filling  it  with 
water  and  allowing  it  to  run  into  a  graduated 
cylinder. 

C  is  then  filled  with  air-free  distilled  water,  and 
both  C  and  B  placed  in  the  thermostat.  A  is  then 
filled  to  the  tap  K  by  connecting  A  and  H  and  rais- 
ing B,  Connect  G  to  the  gas  reservoir  and  pass  a 
current  of  gas  through  0,  I,  K,  H,  to  sweep  air  fio.  iiu. 

out  of  the  connecting  tube.    Then  lower  B  and  by 

connecting  0,  I,  K,  A,  draw  a  suitable  volume  of  gas  into  A.  Measure  its 
volume  at  atmospheric  pressure  after  leaving  the  apparatus  for  some  minutes 
to  assume  the  temperature  of  the  bath.  Now  connect  A  with  0,  and  by 
opening  F  and  raising  B,  allow  a  definite  volume  of  gas  to  enter  0.  Close  F 
and  measure  this  volume  at  atmospheric  pressure.  (The  volume  of  water 
left  in  0  is  found  by  measuring  the  water  run  out.)  Now  close  D  and  shake 
C  thoroughly.  Leave  in  the  bath,  connect  C  and  A,  and  measure  the  gas  left 
at  atmospheric  pressure.    Repeat  till  no  further  absorption  takes  place.  • 

Before  taking  each  reading,  allow  the  apparatus  to  stand  in  the  thermostat 
for  some  minutes  to  attain  a  constant  temperature. 
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If  F  is  the  volume  of  liquid  left  in  the  pipette  and  v  the  volume  of  gas 

dissolved,  then  =:  is  the  solubility  under  the  conditions  of  the  experiment. 

If  the  atmospheric  pressure  be  p,  the  temperature  of  the  bath  T^**  absolute, 
and  the  vapour  pressure  of  water  at  r^**  be  a,  then  the  volume  t?,  reduced  to 
N.T.P.,  becomes  273    v-a 

Now  if  the  pressure  of  the  gas  above  the  solvent  had  been  760  mm.,  then 
the  volume  absorbed  would  have  been 

273    p-a     760  273 

^^T-/760^^3^=^"-T;- 
Hence  the  absorption  coefficient  is 

V    273 

273 
Absorption  coefficient  =  Solubility  x  -=-. 

Suitable  gases  to  use  are  CO^  and  N^O. 

(6)  Method  for  very  soluble  gases. — Since  the  extremely  soluble  gases  are 
all  either  acidic  (HCl,  etc.,  SOJ  or  basic  (NH,)  in  character,  the  solubility 
is  best  found  by  saturating  a  small  quantity  of  water  with  the  gas.  About 
20  C.C.  of  water  placed  in  a  flask  or  wash-bottle  is  treated  with  a  steady 
stream  of  the  gas  for  20  minutes.  The  gas  is  then  stopped,  the  temperature 
allowed  to  become  steady,  the  flask  placed  in  a  thermostat  or  water-bath, 
and  the  gas  stream  continued  for  another  10  minutes,,  using  a  delivery  tube 
having  a  number  of  flne  holes  at  the  end  dipping  under  the  liquid.  Finady 
the  weight  of  gas  dissolved  is  found  volumetrically  by  diluting  the  liquid 
largely  and  titrating  an  aliquot  part  with  a  suitable  reagent.  The  volume  of 
gas  dissolved  is  then  found  by  calculation  ffbm  its  known  density. 

Exercises, — 1.  By  the  use  of  a  mixture  of  COj  and  NjO  of  known  com- 
position, verify  Dalton's  law  of  partial  pressures,  after  determining  the 
solubilities  of  the  two  gases  separately. 

2.  Distil  (a)  some  concentrated  hydrochloric  acid  (draught !) ;  (6)  some 
dilute  hydrochloric  acid,  until  in  each  case  a  constant  boiling  mixture  is 
obtained.  Note  the  boiling  point  of  each  and  the  barometric  pressure. 
Titrate  a  measured  volume  of  each  with  standard  alkali.    Conclusions  ? 

Fit  up  an  apparatus  for  varying  the  pressure  xmder  which  distillation 
takes  place,  and  repeat  the  above  experiments  at  a  different  (but  definite) 
pressure.    Conclusions  ? 

2.  Liamds  in  liquids. — In  binary  liquid  mixtures,  the  following  cases  arise  : 
(i)  The  liquids  are  insoluble  in  one  another  (mercury  and  water). 

(ii)  The  liquids  are  completely  miscible  at  all  temperatures  (alcohol  and 
water). 

(iii)  The  liquids  are  mutually  soluble  to  a  limited  extent  (ether  and  water). 

In  case  (iii)  the  following  variations  arise : 

(a)  On  raising  the  temperature,  a  point  is  reached  at  which  the  two 
liquids  become  completely  miscible  (phenol  and  water). 
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(6)  On  Unoering  the  temperature  a  point  is  reached  at  which  the  liquids 

becomecompletely  miscibie  (triethylamine  and  water), 
(c)  On  either  raising  or  lowering  the  temperature,  points  are  reached 
at  which  the  liquids  are  completely  miscibie. 
The  solubility  curves  corresponding  are  shown  in  Figs.  120  a  and  b,  and 
Fig.  121. 
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Fig.  120  A  shows  the  solubility  curve  of  phenol  in  water  and  water  in 
phenol.  The  point  A  (called  the  critical  solution  temperature  by  Findlay,  is  the 
point  at  which  complete  miscibility  first  takes  place  (68'4°  C.,  above  which 
water  and  phenol  are  miscibie  in  all  proportions).    Fig.  120  B  shows  a  similar 
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curve  for  triethylamine. »  In  this  case  complete  miscibility  occurs  behw  18°. 
Fig.  121  shows  the  nicotine-water  curve.  Here  complete  miscibility  is 
possible  above  210°  and  below  60°. 

Quantitative  experiments  on  these  mixtures  are^long  and  tedious,  but  the 
above  phenomena  may  be  studied  qualitatively  as  follows  : 
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(a)  Phenol  and  vxUer, — Gradually  wann  a  mixture  of  about  equal  volumes 
of  phenol  and  water  to  about  70^  C,  with  constant  shaking.  At  some  parti- 
cular temperature  the  two  layers  will  disappear.  If  the  temperature  is  above 
68*4^,  addition  of  neither  more  phenol  nor  more  water  will  cause  the  formation 
of  two  layers.  On  slowly  cooling,  separation  into  two  layers  will  again 
take  place.  Allow  the  two  layers  to  separate  whilst  the  temperature  is 
kept  constant  at,  say,  40°.  Then  suddenly  plunge  the  test-tube  into 
cold  water.  Both  layers  become  turbid  owing  to  the  decreased  mutual 
solubility. 

(6)  Triethylamine  and  toater. — ^These  will  be  foxmd  to  be  completely 
miscible  below  18**.  On  plunging  the  test-tube  into  hot  water  the  mixture 
at  once  becomes  turbid  and  separates  into  two  layers. 

(c)  Nicotine  and  water.— See  Hudson,  Z.  PA.  OA.,  1904,  47,  113.  Also 
Maschner,  Tr.  Chem.  Sac.,  1909,  95,  668 ;  1908,  98,  1000.  For  a.  general 
discussion  see  Findlay,  The  Phase  Rvle, 

Exercises.  Behaviour  of  mixed  liauids  on  distiUation. — ^Distil  mixtures 
of  the  following  liquids,  in  each  case  using  a  thermometer  and  noting  the 
variation  or  constancy  of  the  boiling-points,  and  their  relation  to  the  boiling- 
points  of  the  liquids. 

(1>  Benzene  and  water,  or  aniline  and  water  (Regnault,  Pogg.  Ann., 
98,  537). 

(2)  Isobutyl  alcohol  and  water  (Konowalow,  Wied.  Ann.,  14,  34). 

(3)  Formic  acid  and  water. 

For  full  discussion  of  these  see  theoretical  text-books. 

3.  Solidi  in  liauids.  (i)  Direct  method. — ^The  saturated  solution  is  prepared 
by  shaking  more  than  enough  of  the  finely  divided  substance  with  the  solvent 
in  a  thermostat  at  the  required  temperature  for  3-4  hours.  Alternatively, 
the  substance  may  be  warmed  with  the  solvent  with  constant  stirring  to 
some  5-10**  above  that  at  which  the  determination  is  to  be  made,  and  then 
allowed  to  stand  in  the  thermostat  as  before.  When  the  solution  is  clear  with 
deposited  solid  in  the  beaker,  a  portion  is  removed  by  means  of  a  dry  pipette 
(if  the  solution  is  above  air  temperature,  warm  the  pipette  before  immersing 
it),  transferred  to  a  weighed  weighing-bottle  and  weighed  again.  The  solution 
is  then  transferred  to  a  weighed  evaporating  basin,  evaporated  to  drjmess, 
and  reheated  if  necessary  xmtil  the  weight  is  constant,  care  being  taken  that 
the  temperature  is  sufficient  to  drive  off  the  solvent  but  not  to  decompose  the 
substance. 

If  the  result  has  to  be  expressed  in  terms  of  grams  per  100  c.c.  of  solution, 
the  volume  must  be  withdrawn  accurately  by  a  calibrated  pipette. 

(ii)  Indirect  methods. — If  the  body  is  fairly  soluble  and  capable  of  direct 
volumetric  or  gravimetric  analysis,  those  methods  may  be  employed ;  e.g.  in 
the  case  of  chlorides,  bromides,  carbonates,  oxalic  acid,  oxalates,  ferrous 
salts,  etc.,  etc.  In  general  the  solution  is  made  up  as  above,  and  the  portion 
used  is  diluted  to  a  suitable  strength  for  determination. 

In  the  case  of  those  bodies  which  are  almost  insoluble,  special  electro- 
chemicaJ  methods  may  be  employed  (see  p.  495). 
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CHAPTER  III. 


DBTEUMINATION  OF  MOLEXnJLAB  WEIOHT  OF 
OA8B8  AND  VAPOUBS. 

Methods. — (1)  By  direct  measurement  of  density. 

(2)  By  special  methods. 

(3)  By  vapour  density  detenninations. 

(a)  Dumas'  method. 

(6)  Victor  Meyer's  method. 

(c)  Hofmann's  method. 

(4)  By  determination  of  the  **  atomicity  "  of  gases. 

(1)  By  direot  measniemeiit — ^The  most  accurate  method  consists  of 
weighing  the  gas  in  a  large  bulb  of  measured  volume. 

A  large  btdb  of  some  200-300  c.c.  capacity 
is  blown  and  fitted  with  a  wide  capillary  and 
tap,  or  alternatively  a  round-bottomed  flask 
is  taken  and  fitted  with  a  well-fitting  rubber 
stopper  with  a  capillary  tube  and  tap  pushed 
through  it. 

The  first  operatiah  is  to  determine  the 
volume  of  the  bulb  or  flask. 

C!oat  the  tap  with  grease  (2  parts  vaseline 
and  1  part  pure  rubber  melted  together)  and  11    \V 

weigh  the  bulb  empty  after  pumping  out  the  J^      ^^ 

air.    Now  open  the  tap  carefully  under  dis-  y^^  >v 

tilled  air-free  water  and  let  the  bulb  fill ;  close        /^  n. 

the  tap  and  remove  the  water  in  the  capillary     /  \ 

above  it  by  filter-paper.  AxWvv  yv^x\  y^^K^ 

Allow  to  come  to  a  constant  temperature  v  \/      V 

and  weigh  to  Ol  gram.    The  volume  is  then  yiq,  122. 

determined  from  the  known  density  of  water 

at  the  temperature  of  the  determination,  a  correction  being  made  for  buoy- 
ancy of  the  air  by  counter-poising  with  a  similar  bulb. 

The  bulb  is  then  emptied,  washed  with  (a)  alcohol,  (b)  ether,  and  exhausted 
twice  to  remove  the  ether  vapour. 

Now  fill  the  bulb  with  the  gas  in  question  by  connecting  it  to  a  Toepler 
(or  other)  pump  barrel  containing  the  gas,  and  forcing  in  the  latter  by  raising 
the  mercury  reservoir. 
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Let  Wi  be  the  weight  of  the  empty  bulb,  to^  weight  full  of  gas  at  t^y  v^ 
volume  of  bulb  at  0^  C,  and  760  mm.,  P  the  pleasure. 

Then  v^^^-h^ — x^^^tt. 

""     273+^     760 

And  so  the  density  referred  to  hydrogen  is 

— ^-T-density  of  hydrogen. 

Allow  for  the  expansion  of  the  vessel — see  previous  experiments. 

Exercise. — ^Determine  the  molecular  weight  of  nitrogen  peroxide  at 
temperatures  varying  from  10**  to  140**  C.  and  plot  a  curve  showing  the  dis- 
sociation of  N2O4  into  NOj. 

(If  m  is  the  degree  of  dissociation  of  N2O4,  1  -  m  is  undissociated,  and  2m 
dissociated.) 

D    1+m     , 

The  student  should  work  this  out  for  himself. 

(2)  (a)  Determination  hy  special  methods. — ^In  many  cases  the  densil^  may 
be  obtained  by  measuring  the  volume  of  gas  evolved  from  a  known  weight  of 
substance ;  or  the  gas,  after  being  weighed,  may  be  absorbed  in  a  suitable 
liquid  and  this  weighed,  the  specific  gravity  of  the  solution  being  noted. 

Thus,  the  density  of  oxygen  may  be  determined  by  observing  the  loss  of 
weight  on  heating  mercuric  oxide,  and  at  the  same  time  measuring  the  volume 
of  the  gas  evolved. 

The  density  of  CO^  and  80^  may  be  determined  by  weighing  in  a  flask, 
absorbing  in  caustic  potash  and  weighing  same,  allowing  for  the  air  in  the 
bulb. 

(6)  Modified  method  for  the  density  of  HCl,  etc. — ^Take  a  vessel  as  shown 

N 
in  Fig.  123,  of  about  50-75  c.c.  capacity,  also  a  supply  of  r^  Na^COs  solution. 


GA3 


^^ /^„ 


>^ 


z 
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Fill  the  vessel  as  completely  as  possible  by  passing  the  gas  for  some  time, 
and  open  under  water. 

The  residual  air  is  found  by  filling  in  the  volume  from  a  burette,  while  the 
weight  of  HCl  is  f oimd  by  titration. 

The  volume  of  the  v^sel  may  be  found  by  weighing  with  water  as  before, 
or  roughly  by  means  of  a  burette.  Similarly  determine  the  density  of  NH3 
and  SO,  by  indirect  titration. 
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(3)  Moleoidar  weight  by  vapour  density  methods,    (a)  Damas'  method. — 

Take  a  bulb  of  about  100-200  c.c.  capacity  and  of  one  of  the  shapes  shown, 
weigh  it  full  of  air  at  a  known  temperature,  and  after  warming  it  gently  to 
expel  some  of  the  air,  immerse  the  tip  in  the  liquid. 

After  10-15  c.c.  of  the  latter  are  introduced,  the  whole  is  immersed  in  a 
constant  temperature  bath  (preferably  a  boiling  liquid)  at  a  temperature  of 
say  20°-30**  C.  above  its  boiling  point.  The  tip  should  not  be  fouled  by  the 
vapour  from  the  bath,  and  should  therefore  project  slightly  from  the  vessel. 
The  liquid  boils  and  vapour  emerges  quickly  from  the  end. 

If  a  flame  be  held  near,  it  will  be  blown  outwards,  but  care  must  be  taken 
in  the  case  of  an  inflammable  liquid  such  as  alcohol  or  ether  not  to  bring  the 
flame  too  close  until  the  air  has  been  ex- 
pelled, or  an  explosion  may  result. 

When  the  liquid  has  ceased  to  vaporise 
as  shown  by  the  cessation  of  the  stream 
of  vapour,  the  tip  is  sealed,  the  tempera- 
ture of  the  bath  and  the  pressure  of  the 
atmosphere  noted,  the  flask  is  taken  out, 
dried,  cooled  and  weighed  carefully,  to- 
gether with  any  glass  taken  ofl  in  sealing 
it. 

The  tip  is  now  broken  ofl  carefully 
under  previously  boiled  air-free  water, 
which  rushes  in  and  fills  the  vessel  except 
for  a  small  bubble  which  must  be  allowed 
for. 

Note  the  temperature  and  weigh  again  with  the  broken  tip. 

Let  the  three  weighings  be  Wj,  u>^  and  Wg  grams  respectively,  the  pressure 
and  temperature  at  sealing  p  and  ty  the  temperature  of  water  filling  the  bulb  t\ 

Then  the  volume  of  the  bulb  at  t'^  is 

(tt73-tt7i)-r density  of  water  at  t'^  (see  Tables). 
If  an  accurate  result  is  needed  a  second  approximation  gives 

where  0-001293  gm.  is  the  weight  of  1  c.c.  air  at  N.T.P. 
Let  this  be  v/. 

Then  v,  =-v^{l  + 0-000025  (<-0}, 

where  0-000025  is  the  coefficient  of  ciib.  expansion  of  glass. 
The  weight  of  vapour  is 

tt?j- 1^1+ weight  of  air  contained  at  t'° 

=«.-ir,+v(0-001293x^,x4). 

Hence  we  know  the  volume  at  <**  and  p  mm.  of  the  above  weight  of  vapour. 
Reducing  the  volume  v,  to  that  at  0**  and  760  mm.  we  can  calculate  the  density 
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in  grams  per  c.c.  at  N.T.P.,  supposing  the  yapour  to  have  been  capable  of 
existence  under  those  conditions. 

To  get  the  molecular  weight,  calculate  the  weight  of  22,320  c.c.  of  vapour 
at  N.T.P. 

Thus  find  the  molecular  weight  of  alcohol  or  ether  (water-bath) ;  amyl 
alcohol  (aniline-bath) ;  liquids  up  to  boiling  point  150**  (oil-bath). 

(&)  Victor  Meyer's  mefhocL — Though  this  does  not  give  the  accuracy  of 
Dumas'  method,  it  is  nevertheless  so  expeditious  that  it  is  generally  employed, 
the  determination  being  only  required  to  verify  which  multiple  of  a  determined 
empirical  formula  is  the  true  molecular  formula. 

Principle, — ^A  small  weighed  amount  of  a  liquid 
is  vaporised  in  an  enclosure  surrounded  by  a  bath, 
displacing  rapidly  an  equal  volume  of  air  which 
is  collected  and  measured  over  water. 

Precautions. — (1)  The  substance  in  the  outer 
bath  must  have  a  sufficiently  higher  boiling-point 
than  that  of  the  liquid  or  vaporisation  point  of  the 
solid  under  investigation  to  ensure  that  no  time  for 
convection  currents  is  allowed  before  ebullition  is 
complete,  otherwise  vapour  will  find  its  way  over, 
condense  and  give  too  low  a  result. 

(2)  The  inner  vessd  must  be  long,  of  ample 
volume,  and  heated  for  as  much  of  its  length  as 
possible  for  the  same  reason. 

(3)  The  liquid  should  be  introduced  by  means 
of  a  small  vessel  in  such  a  way  that  it  is  not 
vaporised  before  the  final  closing  of  the  chamber, 
so  that  no  disturbance  of  corks  is  necessary.  This 
small  vessel  should  be  dropped,  when  everything  is 
ready,  by  some  device,  a  Uttle  mercury  or  asbestos 
being  at  the  bottom  of  the  chamber  to  prevent 
fracture  of  the  latter.  We  may  then  assume  that 
the  displaced  air  has  the  same  volume  as  the  vapour 
would  have  had  under  the  same  conditions,  for  hot 
air  was  displaced  by  hot  vapour. 

Method, — The  apparatus  consists  of  a  long  tube 
of  the  shape  shown,  the  bulb  A  at  the  bottom  being  about  200  c.c.  in 
capacity.   A  is  connected  by  means  of  a  side  tube  with  the  graduated  tube  B, 

At  the  bottom  of  ^1  is  placed  a  little  asbestos  (or  mercury  if  the  temperature 
of  the  bath  is  below  150**  C.)  to  break  the  fall  of  the  tube  when  it  is  allowed 
to  fall  in. 

The  external  vessel  holds  a  liquid  of  much  higher  boiling-point  than  the 
one  the  molecular  weight  of  which  is  to  be  found,  and  is  long  in  order  to  cover 
the  inner  vessel  as  far  as  possible.  At  the  top  of  the  inner  vessel  is  an  airtight 
rubber  stopper  with  some  device  such  as  a  rotating  bent  wire  or  side-tube 
with  a  sliding  glass-rod  to  enable  a  small  weighed  stoppered  tube  or  sealed 
bulb,  containing  about  0-1  gram  of  the  liquid,  to  be  held  until  all  adjust- 
ments and  temperatures  are  steady.    (See  Fig.  125.) 
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Arrange  the  apparatus  so  that  the  side  tube  is  under  the  water  in  the 
trough,  but  not  under  the  measuring  tube. 

Heat  the  bath  liquid  to  boiling  and  allow  air  to  escape  from  the  side  tube  ; 
when  no  more  bubbles  emerge,  drop  the  substance  in  A  so  that  when  at  the 
bottom,  the  tube  or  bulb  will  open,  the  substance  will  vaporise  and  air  will  be 
displaced  into  the  graduated  tube. 

Finally,  transfer  the  graduated  tube,  keeping  the  end  closed  so  that  water 
cannot  escape,  to  a  deep  cylinder  containing  water,  depress  till  the  levels 
inside  and  outside  are  the  same,  and  read  the  volume,  noting  temperature 
and  pressure.  Reduce  to  N.T.P.,  allowing  for  the  saturation  pressure  of 
water  vapour. 


Volume  at  N.T.P.=vx 


273       P-f 

760' 


'273  +  r 
where  /  is  the  vapour  pressure  of  water  at  f  C. 

Table  of  Vapour  pressure  of  Water  at  different  Temperatures  (in  millimetres). 


Temp. 

V.P. 

T^mp. 

V.P. 

Temp. 

•V.P. 

Temp. 

V.P. 

(f 

4-6 

!        6° 

70 

12° 

10-4 

18° 

16-3 

V 

4-9 

r 

7-6 

13° 

111 

19° 

16-3 

2° 

53 

8° 

8-0 

14° 

119 

20° 

17-4 

3** 

6-7 

9° 

8-6 

16° 

12-7 

26° 

23-6 

4^ 

61 

10° 

91 

16° 

136 

30° 

31-6 

6^ 

6-6 

ir 

9-8 

17° 

14-4 

36° 

41-8 

By  this  means  try  chloroform 
acetone 
ether 

methyl  alcohol 
liquids  of  b.p   70°-90** 


(water-bath) ; 


(amyl   alcohol  or   calcium 
chloride  solution) ; 
90^-130**    (aniline). 

Either  method  may  be  adopted  with  suitable  baths  for  the  determination 
of  the  molecular  weight  of  solids  or  liquids,  thus  obtaining  the  degree  of 
asflociation  or  dissociation. 

In  the  case  of  association,  if  m  is  the  molecular  weight  according  to  the 
expected  formula,  M  that  as  found,  then 

M 
m 
the  association  factor. 

Examples. — 1.  Find  the  association  factor  of  acetic  acid  at  120^  C.  and 
180^  C. 

2.  Find  the  dissociation  factor  of  PCJlj  at  various  temperatures. 

(c)  Hofmann's  method. — This  consists  of  introducing  a  small  quantity 
of  a  substance  into  a  Torricellian  vacuum  at  a  temperature  regulated  by  an 
external  bath,  the  substance  being  weighed  in  a  stoppered  tube  as  in  Victor 
Meyer's  method.  The  temperature  is  maintained  by  means  of  the  vapour 
of  a  boiling  liquid  a  few  degrees  above  the  boiling-point  of  the  substance  in 
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question  under  the  conditions  of  the  tube.  The  volume  of  the  substance 
after  the  latter  has  been  allowed  to  rise  to  the  surface  of  the  mercury  in  the 
tube,  and  there  vaporise,  is  measured  (the  tube  should  be  graduated  and 
calibrated  beforehand),  also  the  height  of  the  mercury. 

The  volume  is  determined,  taking  into  account  the  expansion  of  the  glass 
vessel  if  the  temperature  is  high,  and  reduced  to  N.T.P  by  the  expression 

273       P-A-/ 

in  which  the  student  will  easily  recognise  the  terms. 

Precautions, — 1 .  To  get  any  accuracy  at  all,  it  is  essential  that  the  substance 
be  pure ;  a  small  amount  of  a  volatile  impurity  will  make  a  great  difference 
to  the  result. 

2.  The  stopper  of  the  tube  in  which  the  substance  is  contained  must 
be  tied  to  the  bottle  neck  by  a  short  length  of  thread,  otherwise  it  will,  on 
reaching  the  vacuum,  fly  out  with  sufficient  force  to  break  the  Hofmann  tube. 

(4)  Atomieity  of  gases. — Once  the  atomic  weight  of  a  gas  is  known,  the 
molecular  weight  is  known  if  the  number  of  atoms  in  the  molecule  has  been 
determined. 

The  principle  of  the  method  is  that  if  the  ratio  of  the  specific  heats  of  a  gas 

at  constant  pressure  and  constant  volume  be  measured  it  should  be  ya^- 
But  in  most  cases  the  ratio  is  less  than  this  owing  to  the  fact  that  the  molecules 

5+2/ 

absorb  internal  energy,  the  ratio  being  - — ,  where  x  is  some  positive  quantity. 

u  +  a? 

The  nearer  the  ratio  is  to  unity,  therefore,  the  more  complex  the  molecule. 

If  y  =  1-66,  Ihe  gas  molecule  is  monatomic, 
1*4,  „  „  diatomic, 

1'33,  „  „  triatomic, 

and  so  on.    (See  tables  in  Physics  books.) 

There  are  three  well-defined  methods  for  finding  y  : 

(a)  Direct  determinations,  Regnault's  constant  pressure,  sp.  ht. 

Joly's         constant  volume,     „     „ 
and  combination  of  the  result.    (See  text-books  of  Physics.) 
(6)  Clement  and  Desormes'  method. 

(c)  KuBdt  and  Warburg's  method  Vf  calculation  of  y  from  the  velodty 
Resonance  methods  of  sound  in  the  gas  as  given  by  these 

^  )  methods. 

(b)  Clement  and  Desonnes'  method. — If  a  gas  expands  or  contracts  adia- 
batically,  i.e.  with  no  gain  or  loss  of  heat  from  eictemal  sources,  the  pressures 
and  volumes  are  related  by  the  expression 

where  y  is  the  ratio  of  sp.  hts. 

Suppose  the  pressure  of  a  large  confined  volume  of  gas  to  be  increased 
suddenly  from  ir  (atmospheric)  to  pi, 

where  v^  and  i\  are  the  first  and  second  volumes. 
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After  a  time  heat  caused  by  the  adiabatic  compression  will  be  conducted 
away,  the  temperature  returning  to  the  original  value.  The  pressure  falls 
to  a  new  value,  say  p^,  such  that  pa^i  =  '^'^o  ^  ^^^  volume  has  not  been  allowed 
to  alter  since  the  end  of  the  adiabatic  compression,  the  temperature  being  the 
same  as  it  was  originally. 

K    Pi    \Pi^ 
whence  log^-logp, 

^      log  TT- log  Pa 

Similarly  the  pressure  may  be  suddenly  diminished,  etc. 
Method. — Take  a  large  glass  flask,  20-30  cm.  in  diameter  and  fit  it  with 
a  bung.    Through  the  bung,  bore  holes  to  accommodate 

(1)  A  wide  tube  A  leading  to  a  mercury  reservoir  by 
means  of  a  flexible  tube  and  clip. 

(2)  A  manometer  tube  B  fitted  with  a  tap  D. 

(3)  A  narrow  tube  C  fitted  with  a  tap  and  leading 
to  the  outside  air.    (Fig.  126.) 

The  flask  is  placed  in  an  enclosure  and  inverted,  a 
support  being  placed  below  the  bung  to  prevent  acci- 
dents; mercury  is  now  allowed  to  enter  from  the 
reservoir  until  it  stands  just  in  the  neck  of  the  flask  as 
shown. 

Through  C  introduce  a  thin  layer  of  concentrated 
sulphuric  acid  to  absorb  all  moisture  as  otherwise  this 
will  aflect  the  result.  The  manometer  tube  should 
contain  a  non-volatile  light  liquid,  e.g,  some  oil. 

After  setting  up,  open  C  to  bring  everything 
accurately  to  atmospheric  pressure ;  close  the  clip  on 
A  after  the  temperature  is  constant.  Raise  the  reser- 
voir {N.B.  A  preliminary  trial  will  show  how  far  the 
reservoir  must  be  raised  to  get  a  readable  increase  in 
pressure)  and  then  suddenly  open  the  clip.  Close  tap 
D  and  the  clip  when  the  pressure  is  a  maximum  and  read  ofl  the  increase  of 
pressure  carefully. 

Now  open  D  and  when  the  pressure  has  again  become  constant  read  it. 

Note, — L  K  the  diflerences  of  pressure  are  small,  the  differences  of  the 
logarithms  may  be  taken  as  proportional  to  the  differences  of  the  pressures 
themselves. 

2.  An  empty  sulphuric  acid  carboy  may  be  used  for  this  experiment  if  a 
suitable  bung  can  be  obtained. 

(c)  Kiindt  and  Warburg's  method. — This  depends  on  determining  the 
velocity  of  sound  in  a  gas  from  the  wave  length,  and  using  the  equation 

p  and  d  being  the  pressure  and  density  of  the  gas  respectively  under  the 
conditions  of  the  experiment. 
29 
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Kundt's  tube  is  about  150-200  cm.  long  and  of  about  4  cm.  diameter. 
Into  it  is  fitted  a  glass-rod  clamped  at  its  mid-point  and  of  about  the  same 
length  as  the  tube.  At  the  other  end  is  placed  a  movable  but  well-fitting 
plunger  covered  with  a  layer  of  leather.  Side  tubes  are  provided  near  the 
ends  for  the  introduction  of  the  gas  to  be  used. 

Everything  must  be  dried  with  care,  lycopodium  being  then  intioduced 
as  a  thin  layer  along  the  bottom  of  the  tube. 

The  rod  AB  ia  caused  to  vibrate  longitudinally'  by  stroking  it  with  a 
rosined  cloth  or  chamois  leather  ;  it  is  thus  made  to  emit  a  high-pitched  note. 
The  piston  D  is  now  moved  gradually  inward  until  resonance  takes  place 
on  stroking  the  rod,  when  the  powder  settles  in  little  heaps  along  the  tube. 
The  piston  J  is  then  at  a  loop  and  D  is  at  a  node  of  the  stationary  vibration 
set-up. 

The  distances  between  consecutive  loops,  i.e.  half  a  wave-length  of  the 
note,  will  be  given  by  the  distances  between  the  ridges  of  powder  (but  take 
the  reading  over  several  ridges  and  divide  by  their  number  to  get  a  more 
accurate  result).    Note  the  temperature. 

Then  v=nX  where  n  is  the  frequency  and  X  the  wave-length  found. 


BtO.  127. 

The  frequency  is  found  by  comparing  the  length  of  wire  in  unison  with 
the  rod  with  that  in  unison  with  a  standard  fork,  the  frequencies  of  these  two 
notes  being  inversely  proportional  to  the  respective  lengths  of  wire. 

If  the  velocity  of  sound  in  one  gas  is  already  knovm  and  that  in  another 
gas  is  desired,  direct  comparison  may  be  made  without  determining  the 
frequency  of  the  rod. 

If  Vf  and  Vo  are  the  velocities  at  t^  C.  and  0*^  C.  respectively, 


=vJl-\-2^)  approximately. 


where  a  is  the  coefficient  of  increase  of  pressure  of  a  gas  at  constant  volume. 

Finally  v  being  knovm,  y  can  be  found. 

(o  contd.)  Detennination  of  the  wave  length  by  the  leionance  of  a  oolumn 
of  gas. — This  can  be  done  with  a  fair  degree  of  accuracy  for  heavy  gases  by 
means  of  a  simple  apparatus  consisting  of  a  glass-tube  about  one  or  two  inches 
in  diameter,  and  a  wide  cylinder  such  as  that  used  in  hydrometer  deter- 
minations. 

The  tube  is  held  in  a  clamp  working  on  a  vertical  rack  worked  by  a  tangent 
hand-screw  (Fig.  128). 

The  cylinder  is  partially  filled  with  some  suitable  liquid  (water,  mercury, 
etc.). 

Alternatively  a  tube  connected  by  a  flexible  tube  to  a  reservoir  may  be 
employed. 
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The  gas  is  delivered  from  a  tube  under  the  lower  end  of  the  resonance  tube. 
A  slow  stream  is  kept  up  during  the  experiment. 

A  tuning-fork  of  known  frequency  (say  256)  is  struck,  and  the  length  of 
tube  containing  gas  resounding  to  the  fork  is  determined  exactly. 

The  length  of  the  tube  in  the  first  instance  is  j  -  a;,  where  a;  is  a  correction 


C 


1 


FIQ.  12S. 

due  to  the  non-coincidence  of  the  end  of  the  tube  and  the  loop  in  the  stationary 
vibration. 

The  tube  is  now  lengthened  until  the  next  resonance  occurs,  the  length 

then  being -J- -a?. 

Hence  ^  is  read  off  by  difference,  and  since  v—nX,  v  is  thereby  determined, 

hence  y  as  in  the  last  experiment. 

The  student  should  devise  any  improvements  and  riders  on  this  method. 
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CHAPTER  IV. 

MOLECULAR  WEIGHT  DETERMINATION— LIQUIDS. 

No  methods  for  the  accurate  determination  of  the  molecular  weights  of 
pure  liquids  are  known.  Several  methods,  however,  are  available  which 
indicate  the  approximate  molecular  weight  and  give  some  idea  as  to  the 
degree  of  association  of  the  liquid  molecules.  These  methods  are  indicated 
below. 

1.  TroQion's  law. — If  L  is  the  latent  heat  of  vaporisation  of  the  liquid, 
and  T  the  absolute  temperature  of  the  boiling-point  at  atmospheric  pressure, 

then  -=p  =  a  constant. 

The  average  value  of  this  constant  for  normal  liquids  is  20*7  (Walden). 

20-7T 
Hence  M  «=  — ^ . 

For  determination  of  latent  heat  of  vaporisation  see  any  book  on  Practical 
Physics.    For  boiling-point  determination,  see  pp.  292  and  459  of  this  book. 

The  method  is  usually  applied  by  assuming  that  the  gaseous  molecular 
weight,  as  found  by  density  methods,  is  correct,  and  thus  calculating  the  value 
of  the  constant.  If  this  works  out  appreciably  higher  than  20*7,  it  is  taken 
as  indicating  association  in  the  liquid  state. 

2.  Surface  tension  mefhods  (Ramsay  and  Shields). — The  forces  acting  on 
a  molecule  due  to  the  attraction  of  other  molecules  are  different  at  the  surface 
of  a  liquid  from  that  at  any  place  within  the  liquid  where  the  attraction 
can  act  in  all  directions.  Hence  there  is  a  force  acting  inwards  at  right  angles 
to  the  surface  boundary,  and  the  magnitude  of  this  force  per  unit  length  of 
surface  boundary  is  called  the  surface  tension,  y. 

As  the  surface  is  thus  made  to  act  as  a  stretched  film,  it  possesses  energy, 
and  work  is  required  to  increase  it.  Hence  the  energy  possessed  by  unit 
surface  is  the  work  required  to  increase  it  from  zero  to  unity  and  is  y  x  1  =  y . 

Surface  tension  is  a  coUigative  or  molecular  property,  and  by  means  of  it 
molecular  weights  can  be  determined. 

Several  methods  exist  for  the  determination  of  surface  tension ;  e.g.    • 

(1)  Capillary  rise  in  a  tube. 

(2)  Method  of  falling  drops. 

(3)  Measurement  of  pressure  inside  a  bubble. 

Of  these,  the  most  universal  and  convenient  is  the  first.  (For  details  of  the 
others  see  Poynting  and  Thomson's  Properties  of  Matter,) 
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When  a  capiUary  tube  is  immersed  in  a  liquid,  a  column  of  liquid  will  be 
balanced  in  the  tube  above  the  exterior  surface  by  the  surface  tension  if  the 
liquid  wets  the  tube,  the  reverse  occurring  if  the  liquid  does  not  wet  the  tube. 

If  the  liquid  makes  an  angle  of  contact  0  with  the  walls  of  the  vessel, 
y  cos  6x2irr='7n^hpg-hirr^-'  fin' 

where  r  is  the  radius  of  the  tube  ;  h  the  rise  or  (all  in  the  tube  compared  with 
the  exterior  surface ;  p  the  density  of  the  liquid ;  g  the  acceleration  due  to 
gravity ;  y  being  measured  in  dynes.  (The  last  two  terms  of  the  equation 
give  the  correction  for  the  volume  of  meniscus  of  liquid ; — cylinder  -  hemi- 
sphere.) 

So  yhn'p^ecBfh  +  ^A 

If  0  is  zero,  cos  0aseo  0  =  1,  this  being  the  case  when  the  liquid  wets  the 
tube. 

Method, — Into  a  beaker,  introduce  some  of  the  liquid,  so  that  the  latter 
stands  about  2-3  inches  high  in  the 
beaker.  Fix  a  capillary  tube  of  bore 
about  0*5  mm.  in  a  clamp  in  such  a 
way  that  it  dips  under  the  surface  of 
the  liquid.  This  capillary  must  be  freed 
thoroughly  from  grease  by  continued 
washing  in  chromic  acid  mixture,  then 
distilled  water,  finally  redistilled  alcohol 
cleared  out  with  a  current  of  clean  air. 
On  no  account  must  the  tube  be  touched 
near  the  ends  with  the  fingers. 

The  capillary  is  now  pressed  up  and 
down  in  the  liquid  to  wet  it  thoroughly, 
and  then  it  is  raised  from  its  low^ 
position.  The  whole  is  placed  in  a 
thermostat  with  transparent  sides,  after 
which  the  heights  of  the  liquid  surfaces 
in  the  boiling  tube  and  the  capillary 
are  best  determined  by  means  of  a 
travelling  microscope  with  a  vertical 
scale  and  a  vernier,  placed  at  a  con- 
venient distance  from  the  beaker.  The 
surface  of  liquid  in  the  beaker  is  not 
easy  to  focus,  and  is  usually  found  by  a 
needle  of  accurately  known  length,  the 
point  of  which  is  just  touching  the  sur- 
face of  the  liquid.  The  microscope  is 
then  focussed  on  the  top  of  the  needle 
and  on  the  surface  of  the  liquid  in  the  capillary.  The  height  of  liquid  in  the 
capillary  is  obviously  this  length  plus  the  length  of  the  needle. 

Note, — ^The  needle  must  not  be  close  to  the  capillary  or  to  the  side  of  the 
beaker  for  obvious  reasons. 
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If  Ramsay  and  Shidds'  apparatus  is  avaUable,  it  should  be  used.  Kg. 
129  b  shows  it  in  section.  ^4  is  a  tube  containing  the  liquid  (which  has  be^ 
boiled  to  expel  air  and  the  tube  then  sealed  off),  B  is  the  capillary,  (7  is  a 
float  containing  a  piece  of  iron  wire,  and  D  is  a  magnet  by  means  of  which 
the  height  of  the  capillary  may  be  varied  so  that  the  liquid  in  it  rises  very 
nearly  to  the  top.  Finally,  the  radius  of  the  capillary  is  measured  by  intro- 
ducing a  thread  of  pure  mercury  about  1-5  cms.  long,  the  exact  length  of  which 
is  measured  by  the  travelling  microscope  at  various  positions  along  the  tube 
(which  by  this  means  should  be  proved  to  be  uniform).  This  mercury  is  then 
expelled  and  weighed  in  a  tared  watch-glass.  If  <**  C.  be  the  temperature  at 
which  the  mercury  was  measured,  then 

.,         18-596 

'"'^^''i+o.oooisir'^- 

Hence  r  is  found. 

Detennination  of  molecular  weight  or  association  fiaoior.— Ramsay  and 

Shields  using  the  method  of  Eotvos,  calculate  the  molecular  weight  from  the 
surface  tension  as  follows  (PhU.  Trans.,  1893,  A.  184,  647) : 

If  y  be  the  surface  tension  per  sq.  cm.,  then  y  multiplied  by  a  suitable 
surface  should  vary  as  the  temperature  measured  from  the  absolute  zero  for 
surface  tension,  i.e.  downwards  from  the  point  at  which  y=0.  This  tem- 
perature is,  for  most  liquids,  about  5**  below  the  critical  temperature.  The 
suitable  standard  surface  is  the  "  molecular  surface,"  i.e.  the  area  of  the  face 
of  the  cube  containing  the  gm.  molecular  volume.  If  v  is  the  specific  volume, 
then  y(3fv)*  — ' 


■  KT, 


where  M  is  themolecular  weight. 

T  is  the  "  temperature  "  degned  as  above. 
K  is  a  constant. 
Taking  measurements  at  two  temperatures  at  least  10**  apart. 

yi(Mvi)*  =  'cTi, 
y,(Jft;,)*  =  KT,. 
And  Tj  -  Tj=: «2  - ti  (t  =. Centigrade  temperature) 

y,(Mt;,)*-y,(Mt;,)» 
whence  t^^i  ' 

According  to  Ramsay  and  Shields'  experiments  k=2-12  for  most  liquids. 

Denoting  the  expression  — r— ^ oj  a, 

then  M*a-2-12. 

If  instead  of  M  we  have  to  take  xM  to  make  this  expression  =  2-12,  then  x 
is  the  "  association  factor." 

Assuming  M  to  be  the  molecular  weight, 

^l^eu  M*a  =  K '  (by  experiment), 

but  (a;ftf)*a=2-12, 

j_2-12 
whence  ^  --   f  • 
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1.  Hence  find  the  association  factor  of  acetic  acid  at  40^  and  80°,  of  water 
at  20°  and  40^ 

2.  Find  the  molecular  weight  of  benzene,  ethyl  acetate,  etc. 

3.  Walden'8  method  (Z.  Phys.  Chem.,  1909,  66,  129,  257,  547)  — Walden 
employs  an  expression  which  he  calls  the  specific  cohesion  which  is  given  thus  : 

cr 

where  a  is  the  specific  cohesion,  y  the  surface  tension,  <r  the  density. 

If  both  <r  and  y  are  measured  at  the  boiling-point  (for  which  Ramsay's 
apparatus  must  be  used)  then  Walden  finds  that 

"o=a  constant  =  17-9 
a* 

w  here  L  is  the  latent  heat  of  vaporisation. 
But  according  to  Trouton's  law, 

f=20.,. 

Substituting  the  above  value  for  L^  we  have 
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CHAPTER  V. 

HOLECTJLAB  WEIGHT  OF  STJBSTANCES  IN  SOLUTION. 

Molecular  weights  of  substances  in 'solution  may  be  determined  by 
(1)  Freezing-point  determinations. 
X2)  Boiling-point  determinations. 

(3)  Boiling-point  modified  and  vapour  pressure  methods. 

(4)  Cooling  curves. 

(5)  Osmotic  pressure  determinations. 

(6)  Partition  coefficients  and  determination  of  association. 

(1)  Freeziiig-point  determinations. — In  very  dilute  solutions,  the  depression 
of  the  freezing-point  of  a  solvent  by  equimolecular  quantities  of  dissolved 
substances  in  the  same  volumes  of  solvents  is,  in  normal  circumstances,  the 
same  for  different  substances  (non-electrolytes). 

Hence,  if  Z  is  the  depression  produced  by  m  grams  (the  mol.  wt.)  in  100 
grams  of  a  given  solvent, 

then  m  grams  in  100  gives  depression  K, 

.      ^  Kw    100      .      ^, 

w      „     in   IF     „      —  x-j^=  (say)  d; 

lOOwK 

If  m  is  known,  K  can  be  calculated  from  the  above  expression.    It  is  also 

found  that  K = — = — , 

where  t  is  the  freezing-point  of  the  pure  solvent  and  L  its  latent  heat  of  fusion. 
This  method  can  be  used  only  when  there  is  no  action  of  the  solvent  on 
the  solute,  or  where  they  do  not  crystallise  out  together. 

The  following  table  gives  the  constants  and  latent  heats   for   several 
solvents : 

K  L 

Water     -        -        -     18-5°      -        -    79 
Glaoial  acetic  acid   •    38*9''      -        -    43 
Benzene-        -        -    49°         -        -    301 
Naphthalene   -        -    70°         -        -    35-5 
Nitro-benzene  -    71°         -        -    22-3 

Beokmann's  freezing-point  apparatus. — This  consists  of  a  large  vessel  to 
act  as  cooling-bath,  and  in  which  a  freezing  mixture  suited  to  the  solvent  can 
be  placed.    (Fig.  130  A.) 
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In  the  cover  placed  on  it  are  various  holes  A  to  take  a  wide  boiling  tube 
acting  as  an  air  jacket,  and  in  which  is  corked  the  freezing-point  tube-shaped 
as  shewn,  with  a  side  tube  to  allow  for  the  easy  introduction  of  the  substance. 
Another  hole  in  the  cover  allows  for  the  introduction  of  a  stirrer. 

The  actual  freezing-point  tube  is  corked  and  a  Beckmann  thermometer 
(see  below)  and  a  stirrer  are  introduced  through  holes  in  the  cork. 


Fig.  130. 

The  thermometer  (Fig.  130  B). — This  is  not  constructed  to  read  actual 
temperatures,  as  difEerences  only  are  required,  hence  it  has  a  range  of  6^  C. 
graduated  in  tenths  and  hundredths.  There  is  a  reservoir  at  the  top,  of  the 
shape  shovm,  to  allow  for  adjustment  to  any  desired  range  of  temperatures. 

Suppose  when  adjustment  is  required  that  there  is  too  much  mercury 
in  the  bulb  at  the  bottom  at  first.  Expand  the  mercury  by  warming  to  some 
4°-5°  higher  than  the  temperature  of  the  freezing  solvent,  so  that  the  mercury 
will  extend  into  the  upper  reservoir  and  form  a  globule  at  the  top.  This  can 
be  shaken  ofi  by  tapping  smartly  against  the  hand.  On  cooling,  the  mercury 
thread  should  stand  somewhere  between  the  top  (5th  to  6th)  two  degrees. 
If  not,  the  thread  must  be  readjusted,  and  this  may  be  done  by  noticing 
the  rate  at  which  it  rises,  calculating  the  right  moment  to  detach  the 
thread. 

Note. — ^A  separate  thermometer  should  be  used  for  boiling-point  deter- 
minations owing  to  the  difficulty  of  glass  bulbs  not  settling  down  to  correct 
volumes  with  ease  after  warming. 
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Points  to  be  noted  when  making  determinations  are : 

(1)  Do  not  make  the  temperature  of  the  cooling-bath  more  than  a  few 
degrees  below  the  freezing-point  of  the  solvent,  otherwise  the  temperature 
found  will  be  a  compromise  between  the  rate  of  cooling  of  the  solution  and  its 
freezing-point.  Furthermore  the  concentration  may  be  altered  owing  to  the 
rapid  solidification  of  the  solvent. 

(2)  Avoid  super-cooling  to  more  than  half  a  degree,  or  even  less.  This 
may  be  attained  by  stirring  very  vigorously  or  by  the  introduction  of  a  very 
small  portion  of  the  pure  solid  solvent,  taking  care  that  the  amount  added 
is  so  small  that  it  cannot  affect  appreciably  the  concentration  of  the 
solution. 

(3)  Many  readings  must  be  taken  in  order  to  give  as  good  a  result  as 
possible,  not  differing  by  more  than  0'002°,  and  the  thermometer  should  be 
tapped  when  a  reading  is  desired. 

The  procedure  is  illustrated  by  a  specific  case. 

Determination  of  the  M.W.  of  camphor  in  benzene.— First  set  up  the 
apparatus,  and  from  a  stoppered  or  corked  weighing  tube,  pour  out  some  20 
gm.  pure  benzene,  weighing  accurately  by  difference. 

The  thermometer  having  been  set  previously  so 
that  in  freezing  benzene  (5-5°  C.)  the  thread  stands 
in  the  top  degree  of  the  scale,  it  is  placed  so  that 
the  bulb  is  completely  immersed  in  the  benzene  in 
the  tube. 

The  outer  bath  should  have  ice  or  iced  water 
kept  at  about  2-3^  C.  by  regulating  the  addition  of 
ice. 

The  freezing-point  of  benzene  is  then  determined 
accurately.  Do  not  let  more  than  0*3®  C.  of  super- 
cooling take  place,  but  stir  vigorously.  When  the 
thermometer  thread  begins  to  rise,  stir  slowly  and 
note  the  maximum  temperature  attained. 

Take  out  the  tube,  melt  with  the  hand,  and  re- 
determine at  least  twice. 
Next,  a  small  weighed  portion  (0*1-0*2  gm.)  of  the  substance  is  introduced 
in  the  form  of  a  tablet  or  compressed  rod  through  the  side  tube ;  if  a  liquid 
solute,  it  is  introduced  from  a  pipette  with  a  long  tube  (Fig.  131). 

The  freezing-point  is  more  difficult  to  determine  than  that  of  the  pure 
solvent,  so  that  at  least  four  more  determinations  will  be  required.  The  same 
precautions  re  super-cooling  and  stirring  must  be  adopted. 

Repeat  by  adding  further  small  portions  until  sJtogether  about  0-6-0-8 
gms.  of  substance  have  been  added. 

Thus  try  benzoic  add  or  anthracene  in  benzene  ;  sodium  chloride  or  sul- 
phate in  water. 

In  the  latter  cases,  note  that  an  abnormal  depression  will  occur.  This  is 
due  to  dissociation  if  the  depression  is  great,  to  association  if  apparently  too 
small. 

Thus,  supposing  jc  to  be  the  "degree  of  association,"  then  l-x  +  -  as 


Fia.  131. 
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compared  with  1  will  be  the  number  of  particles,  if  n  molecules  associate  to 
fonn  one  **  entity.*' 


So 


Calculated  1 


1  — »  +  - 

n 

<^calc  -  ^ound 

3/  —  " 


or  in  the  case  of  dissodation 

d^.  1 


dc.ic(l-^) 


etc. 


^ound      l-X  +  nX* 

Hence  find  the  degree  of  dissociation  of  acetic  acid  in  water,  etc.,  and 
confirm  by  boiling-point  determinations  (see  below). 

For  benzoic  acid  in  benzene  n=»2  (association). 
„    acetic  add  in  water         n^2  (dissociation). 
„    sodium  chloride  in  water  n= 2  (         „         ). 
(2)  Elevation  of  the  boiling-point  {Beckmann's  method). — The  principle  is 
precisely  the  same  as  that  of  finding  the  depression  of  the  freezing-point 
of  a  solution.    {L,  of  course = latent  heat  of  vaporisation.) 

The  constants  are,  of  course,  different,  and  a  table  is  here  given  of  constants 
for  the  chief  solvents. 

K.  L. 


Benzene  - 

26-7"^      . 

:      96-2 

Ethyl  aloohol 

.     11-6° 

.    215 

„    ether 

.    21-2°      . 

-      87-4. 

Acetone  • 

■     16-7° 

-     126. 

Water     - 

.      6-2*> 

-     540. 

Beokmann's  apparatus. — The  boiling-point  tube  consists  of  a  fairly  narrow 
tube  A  of  the  shape  shown  with  two  side  tubes,  one  of  which  contains  a  small 
condenser  B.    (Fig.  132.)     • 

A  small  ring  burner  should  be  used,  and  above  it  is  placed  a  wire  gauze 
coated,  except  for  a  small  ring  C  in  the  centre,  with  a  sheet  of  asbestos  D. 

A  short  glass  cylinder  E  with  a  mica  plate  F  is  fixed  up,  and  the  tube  let 
down  through  the  hole  in  F  until  it  is  nearly  touching  C ;  it  is  then  clamped 
in  position. 

The  thermometer  is  similar  to  that  described  in  the  last  experiment; 
it  is  set  so  that  the  mercury  thread  stands  in  the  bottom  degree  when  the  bulb 
is  immersed  in  the  pure  boiling  solvent. 

Before  fixing  the  thermometer,  the  tube  A  is  filled  to  one-third  of  its 
height  with  glass  beads  or  platinum  tetrahedra,  a  platinum  wire  being  often 
sealed  throu^  the  bottom  in  order  to  secure  regular  ebullition  without  super- 
heating or  bumping. 

The  thermometer  bulb  extends  to  within  a  few  millimetres  of  the  beads 
when  all  is  fixed ;  then,  about  20  gms.  of  solvent  are  introduced  through  the 
side  tube  from  a  corked  tube,  by  difference. 

After  the  apparatus  is  corked,  the  boiling-point  of  the  solvent  is  found, 
care  being  taken  to  keep  the  boiling  steady,  as  otherwise  the  mercury  thread 
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will  keep  on  going  up  and  down.  Draughts  must  be  avoided,  and  the  flame 
screened  from  such  as  there  are.  It  is  advisable  at  times  to  place  the  flame 
slightly  to  the  side  of  the  hole  in  the  asbestos,  not  directly  underneath  the 
boiling  tube. 

When  the  thermometer  has  become  stationary  for  15-20  minutes,  note  the 
reading  and  let  all  cool. 

Meanwhile  small  tablets  of  the  substance  of  about  0*1  to  0-2  gm.  are 
compressed  in  a  compressing  apparatus  (one  may  be  improvised  by  two  glass 
rods  in  each  end  of  a  glass  tube)  and  weighed.  These  tablets  may  be  intro- 
duced easily  through  the  side  tube. 

The  solution  is  then  re-heated  and  the  boiling-point  noted  when  it  has 
been  constant  for  5-10  minutes.  More  substance  is  then  introduced,  and 
the  operations  repeated  at  least  three  times. 


CD 
FIG.  182. 

The  same  formulae  hold  good  as  for  freezing-point  determinations.  A 
correction  for  the  weight  of  the  vapour  in  the  tube  and  condenser  is  needed 
for  accuracy. 

Hence,  using  benzene  as  a  solvent,  And  the  m.wts.  of  benzoic  acid, 
phenol  or  camphor.  Acetone  is  a  useful  solvent  also  for  a  number  of 
compounds.   * 

(3)  Elevation  of  the  boiling-point  (modified),  (a)  Walkar-Lnnuiden  method 
of  using  Landiberger's  apparatni  (J,G.S.t  1898). — ^In  this  case  the  latent 
heat  of  vaporisation  of  a  solvent  is  utilised  for  heating  the  solution,  and 
although  the  boiling-point  of  the  solution  will  be  above  the  temperature  of 
the  vapour,  yet  the  determination  is  possible  on  account  of  the  magnitude 
of  the  latent  heat.  A  liquid  of  high  latent  heat  is  therefore  required,  also  the 
molecular  elevation  must  be  great  to  enable  speed  to  be  combined  with 
accuracy.  Alcohol  and  ether  are  suitable  solvents,  but  benzene  has  a  low 
latent  heat  and  water  a  low  molecular  elevation. 

In  this  experiment  we  employ  an  amount  of  a  substance  in  a  measured 
volume,  not  weight,  of  solution. 

If  £  is  the  molecular  constant,  to  the  weight  of  the  substance  in  grams. 
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and  V  the  volume  of  the  solution  in  c.cs.,  d  being  the  increase  in  boiling-point, 

dv 
Walker-Lumsden  constants  for  a  few  liquids  are  as  follows  : 


K.* 

B.Pt. 

Alcohol         .        .        .        . 

1560 

78*^0. 

Ether    .... 

3030 

36°  C. 

Benzene        .        -        -        . 

3280 

80^0. 

Acetone 

2220 

66°  C. 

Water  ...        - 

640 

100°  C. 

Chloroform    - 

2600 

61°  C. 

.C0HDEN5ER. 


*  K=ri8e  of  h.pt.  for  1  gm.-moL  in  I  c.c.  oJ  solution. 

Apparattis. — ^A  convenient  form  may  be  made 
as  follows : 

Blow  a  tube  A  of  the  shape  shown  with  a  side 
tube  which  reaches  well  up  the  side.  The  diameter 
of  the  tube  should  be  2-3  cm.,  and  that  of  the  side 
tube  say  5  mm.  The  tube  should  be  about  12-15 
cm.  long,  and  the  side  tube  7-8  cm.  The  thermo- 
meter to  be  used,  reading  to  0*05^  C,  should  be 
graduated  carefully  and  fixed  in  position  a  constant 
distance  through  the  cork. 

The  tube,  after  coating  with  a  thin  layer  of 
paraffin  wax,  is  clamped  lightly  along  a  grooved 
board.  Then,  by  means  of  a  long  lever  with  two 
points,  a  millimetre  scale  is  scratched  out  along  the 
greater  part  of  the  tube,  after  which  the  paraffin 
wax  with  marks  is  painted  over  with  hydrofluoric 
acid  solution  for  5  minutes.  Finally  wash  well  off, 
and  the  tube  is  ready  for  calibration.  Fix  the  cork 
with  thermometer  in  position,  and  either  small 
platinum  tetrahedra,  glass  beads  or  nickel  gauze  at 
the  junction  inside  the  tube  to  break  vapour  into 
small  bubbles  as  it  enters  the  tube. 

With  all  these  in  position,  calibrate  the  tube  by 
running  in  water  from  a  burette  through  the  side 
tube,  noting  the  volume  carefully  as  it  rises  to  the 
various  millimetre  marks.    Then  draw  a  calibration  curve  (volumes  against 
readings  on  the  scale). 

Fix  the  boiling-point  tube  into  a  large  boiling-tube  by  means  of  a  cork, 
and  provide  a  glass  tube  as  shown  as  a  safety  valve.  This  can  be  provided 
with  a  screw  clip  to  allow  for  an  adjustment  of  pressure  when  necessary. 

Firstly,  to  find  the  boiling-point  of  the  solvent,  put  more  than  enough 
to  cover  the  bulb  of  the  thermometer  in  the  graduated  tube,  and  some  pieces 
of  capillary  tubes  with  a  suitable  amount  of  the  solvent  in  the  outer  (boiling) 
tube. 

Warm  the  outer  tube  carefully,  and  by  boiling  the  solvent  in  the  boiling 


Fig.  188. 
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tube  allow  vapour  to  pass  into  the  graduated  tube  through  the  side  tube  until 
the  thermometer  is  constant. 

Secondly,  introduce  0*5  to  1  gram  of  .the  substance,  after  weighing  care- 
fully, into  the  graduated  tube,  and  after  reheating  and  passing  the  vapour 
through  the  solution  for  some  minutes,  take  the  temperature  and  note  the 
volume,  the  latter  being  known  from  the  calibration  curve. 

The  temperature,  will,  of  course,  vary  as  the  dilution  increases,  but  this 
will  not  aSect  the  accuracy  of  the  result. 

Repeat  twice  more,  and  make  the  necessary  calculations.  Several  modi- 
fications of  the  above  experiment  have  been  suggested.  See  Walker  and 
Lumaden,  J.CiSf.,  1898 ;  Ludlam,  J.C.S.,  1902,  p.  1194. 

Thus  try  camphor  in  benzene;  urea  in  alcohol;  benzamide  in  water 
(association) ;  benzoic  acid  or  aniline  in  ether  (special  precautions  for  safety) ; 
salts  in  water  (dissociation). 

3  (b)  Vapour  tension  methods, — ^There  are  two  or  three  ways  of  det^mining 
molecular  weight  by  vapour  tension  methods,  one  of  which  by  Ostwald,  and 
by  Will  and  Bredig,  depends  on  the  aspiration  of  dry  air,  through  first  the 
solution  and  then  the  solvent  in  succession  in  one  experiment. 

The  loss  of  weight  of  the  solution  is  proportional  to  the  vapour  tension  of 
the  solution. 

The  loss  of  weight  of  the  solvent  to  the  difierence  between  the  v.t.  of  solvent 

and  solution.  ,       ,        ,    ,•    . 

TT  p        loss  of  solution    m     w    . 

p-p'    loss  of  solvent    M '  W 

where  w  grains  of  substance  are  dissolved  in  W  gms.  of  solution,  m  and  M 
being  the  molecular  weights  of  the  solute  and  solvent  respectively. 

The  dilute  solution  and  solvent  may  be  contained  in  successive  potash 
bulbs  whilst  dry  air  at  the  rate  of  two  bubbles  per  second  may  be  aspirated 
through,  the  apparatus  being  placed  in  a  thermostat. 

Try  benzoic  acid  in  ether  (for  precautions  with  ether  vapour  see  Organic 
Preparations,  pp.  284  and  302). 

3  (o)  Blaokman's  method. — In  solutions  having  the  same  vapour  pressure, 
concentrations  are  such  that  the  volumes  are  inversely  proportional  to  the 
molecular  weights  of  the  solutes. 

Boil  solutions  of  two  substances  in  the  same  solvent,  e.g.  ether,  in  tubes 
as  shown  in  Fig.  134,  which  have  been  calibrated  as  for  the  Walker-Lumsden 
apparatus,  and  carry  on  for  about  90  minutes,  condensing  the  vapour  until  the 
volumes  remain  constant  for  some  time.  The  usual  precautions  against 
'*  bumping  "  are  necessary. 

If  the  mol.-wt.  of  one  substance  be  known,  then  that  of  the  other  follows 
by  comparison. 

4.  Cooling  curve  methods.  Depression  of  melting-point. — The  theory  of 
this  method  is  exactly  the  same  as  in  the  case  of  freezing-point  determinations. 

By  determining  the  rate  of  cooling  of  a  solution  of  a  substance  in  a  solvent 
which  is  solid  at  ordinary  temperatures,  we  can  determine  the  depression  of 
the  m.pt. 

Determination  of  the  molecular  weight  of  o-nitro-phenol  in  naphthalene  or 
A-napbthol  in  aso^bemene. 
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Set  up  a  test-tube  fixed  into  a  boiling-tube  by  means  of  a  cork,  the  space 
between  the  tubes  acting  as  a  cushion,  giving  more  uniform  cooling. 

The  boiling-tube  is  immersed  in  a  constant  temperature  enclosure  or  bath 
of  suitable  temperature,  whilst  the  test- 
tube  contains  a  thermometer  reading  to 
at  least  tenths  of  degrees. 

The  inner  tube,  containing  about  12- 
15  grams  of  naphthalene  weighed  exactly, 
is  wanned  until  the  latter  has  melted  and 
the  temperature  has  risen  some  10^-15^ 
above  the  melting-point. 

It  is  then  set  up  and  allowed  to  cool, 
the  temperature  being  taken  every  half 
or  quarter-minute. 

At  the  melting-point,  the  temperature 
will  remain  stationary  for  a  long  time 
whilst  the  latent  heat  is  being  evolved. 

From  the  readings,  draw  a  curve  of 
temperature  and  time.  (Care  must  be 
taken  that  the  thermometer  bulb  is  com- 
pletely immersed  in  the  melted  naphtha- 
lene and  that  the  thread  is  visible  in  the 
neighbourhood  of  76'*-80''  C.) 

o-nitrophenol  is  then  added  in  instal- 
ments of  about  0*5-1  gram  at  a  time  until 
three  different  amounts  have  been  added, 
the  melting-point  being  redetermined  each 
time. 

If  A  is  the  molecular  depression,  w  the 
weight  of  naphthalene,  If  the  weight  of 

solvent,  then  M  =  — |^^  * 


■tU —      ■  ■j-.;_i-L_^ 

h        i 

T 

= 

r 

o 

> 

-/ 

Fig.  134. 


Table  of  Molecular  lowering  of  Melting-poifUs  of  solvents. 


Solvent. 

M.P. 

A 

'      Latent  ht. 
1       of  fusion. 

Diphenyl  - 
Diphenylamine'- 
Azo- benzene    '  - 

70°-2 
66° 

82 
88 
82 

'         28-5 
24 
27-9 

|)-Toluidine 

42-6°        1 

62 

39    ' 

Naphthalene     - 
Naphthylamine- 
Stearic  acid 

80° 

501° 

64° 

71 

78 
44 

36-6 
266 
47-6 

Phenol 

39° 

74 

26 

5.  Osmotic  pressure  methods. — Direct  measurement  of  osmotic  pressure 
is  a  very  tedious  and  difficult  operation,  and  the  student  is  here  simply  referred 
to  original  papers  :  Morse  and  Home,  Am.  Ch.  J.,  1901,  p.  80 ;  Berkeley  and 
Hartley,  PhU.  Trans.,  206,  481  (1906). 
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It  may  be  noted  that  the  osmotic  pressure  of  a  solution  may  be  found 
approximately  from  its  freezing-point,  for  it  is  iound  by  experiment  that  a 
normal  solution  of  a  non-electrolyte  in  water  freezes  at -1^*86  and  has  an 
osmotic  pressure  of  22  atm.  Hence  the  O.P.  of  any  aqueous  solution  is 
obtained  from  the  lowering  of  the  freezing-point  (J)  by  the  relation 

22 


Sx 


1-86 


=  0.P.  (in  atmospheres). 


6.  Partition  ooefficients.    Distribution  of  substances  between  solvents. — 

There  is  always  a  definite  ratio  according  to  which  a  substance  will  divide 
itself  between  two  solvents  which  are  non-miscible  or  only  partially  miscible. 
This  is  of  great  importance  in  the  extraction  of  organic  substances  by  ether. 

The  ratio  K=—y  where  Cj  and  Cj  are  the  concentrations  in  the  two  solvents, 

is  called  the  Partition  coefficient. 

If,  however,  the  substance  is  associated  or  dissociated  in  either  solvent, 
this  no  longer  holds  good. 

Suppose  n  molecules  associate  into  one 

nM  =  M„ 
where  M  and  M^  are  the  molecular  weights  of  single  and  associated  molecules 
respectively. 

By  the  law  of  mass  action 

The  constant  now  becomes  the  ratio  between 
the  concentrations  of  "  single  molecules  "  in  the 
two  solvents  or 

■  if-p. 

where  m  and  n  are  the  associations  respectively. 

So  relative  molecular  weights  may  be  deter- 
mined. 

The  Method  in  principle  consists  in  shaking 
a  solution  of  the  substance  in  one  of  the  sol- 
vents with  the  other  solvent  for  some  time  in 
a  thermostat  and  then  withdrawing  a  portion 
of  each  layer  in  order  to  determine  by  suitable 
chemical  or  physical  means  the  amount  of  sub- 
stance therein. 

If  an  organic  acid  is  the  subject  of  the 

experiment  a  titration  is  performed  by  means 

N      N 
of  on  ^^  Jn  harjrta  solution,  using  phenolphtha- 

^^-  ^^^*  lein  as  an  indicator. 

For  this  purpose  prepare 

(a)  Carbonic  acid-free  water. 

(6)  Standard  barjrta  water  (see  volumetric  analysis). 
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(a)  Water  is  freed  from  COj  by  boiling  it  and  drawing  thiough  it  a  current 
of  pure  outdoor  air  which  has  been  passed  through  a  soda-lime  tube  and  a 
layer  of  glass-wool  to  arrest  dust. 

The  water  must  be  kept  in  a  reservoir  under  a  layer  of  paraffin  and  syphoned 
o£E  from  a  clipped  tube.  The  inlet  for  air  to  the  reservoir  should  be  protected 
by  a  soda-lime  tube.    (Fig.  135.) 

This  COg-free  water  must  be  used  in  making  up  the  solutions  of  organic 
acids  and  of  baryta. 

Determination  of  the  eoefflcient  of  distribution  of  saocinio  add  between 

ether  and  water. — ^In  a  stoppered  vessel  place  100  c.c.  of  a  0-3  to  1  per  cent. 

succinic  acid  solution  and  add  an  equal  volume  of  ether.    Place  the  vessel  in 

a  thermostat  at,  say  25^  C,  and  shake  frequently  and  thoroughly  during  the 

course  of  half  an  hour.    Finally,  after  shaking  round  and  round  to  loosen  any 

drops  adhering  to  the  sides  and  allowing  the  layers  to  separate,  syphon  o£E 

N 
10  or  more  c.cs.  of  each  solution  and  titrate  with  ^  baryta  water.    Carry  out 

repeated  extractions  by  adding  water  each  time  and  analysing  all  extractions; 
Determine  Ci,  c^  — . 


Similarly  find  the  coefficients  in  the  case  of 

Tartaric  acid 
Benzoic  acid 
Salicylic  acid 


between  benzene  and  water 
or  chloroform  and  water, 


c       c 
and  calculate  Oj,  c„  — ,  — pn,  where  c,  is  the  concentration  in  chloroform  or 

benzene ;  hence  prove  whether  the  acids  are  associated  at  difierent  con- 
centrations, and  if  so,  find  the  law  according  to  which  this  occurs.  (See 
Nemst,  J,C.S.  abstracts,  1891,  p.  1148.) 

Also  find  the  coefficient  for  iodine  between  carbon  disulphide  and  water 

N 
at  16"*  C.  (ratio =410).    (Titrate  the  aqueous  extract  with  zr^  thiosulphate.) 

Determination  of  the  degree  of  dissociation  of  bimolecnlar  salicylic  acid  in 
benzene  ttom  a  knowledge  of  the  partition  laws.— On  dilution,  the  bimolecular 
molecules  dissociate  into  single  ones,  and  the  single  ones  in  water  into  ions 
(slightly). 

Hence,  it  should  be  possible  to  determine  the  degree  of  the  latter  from  the 

change  in  value  of  --f=. 

Let  Ci  be  the  concn.  in  water,  C2  be  the  concn.  in  benzene  of  the  double 
molecules,  a  the  degree  of  ionisation  in  water,  K  the  affinity  constant  of  th^ 
fkcid. 

From  Oswald's  dilution  law  : 


(l-a)t, 
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where  v  is  the  dilution  (i.e.  volume  (in  litres)  contwiiug  the  gram  mol.-wt. 
of  acid),  or 


Hence  a  is  known. 


For  salicylic  acid,  Z-1-02  x  lO"'. 

„  acetic       „      K^-l-SxlO'^. 

„  benzoic     „      Z=-    6x10"*. 

But  if  k  is  the  ratio  of  the  concentrations  of  single  molecules  in  water  and 

benzene,  then  it  must  equal  — 

tn 

where  m  is  the  concentration  of  single  molecules  in  benzene, 

(1)  ..  ^  =  — J, — • 
Now  the  concentration  of  double  molecules  is  c^-m, 

a  constant,  from  the  law  of  mass  action,  this  constant  being  the  dissociation 
constant  of  complex  molecules. 

Substituting  in  (2)  the  value  of  m  given  in  (1),  we  have 


JbV-Ciifc(l-a)     ^     t«c',-c'iifc(l-a') 

if  c\  and  c\  refer  to  corresponding  values  at  another  dilution  (for  0  and  k 
are  independent  of  dilution). 

Here  k  is  the  only  unknown,  so  it  can  be  found,  hence  also  m  and  C. 

The  experiment  is  carried  out  as  for  succinic  acid,  ether  and  water,  using 

about  5,  2-5  and  1  gram  of  acid  respectively  in  200  c.c.  each  of  benzene  and 

N 
water.    Titrate  portions  of  the  aqueous  solutions  with  ^  baryta  water, 

and  hence  deduce  the  concentrations  in  the  benzene  solution. 

Determination  of  the  degree  of  hydrolysiB  of  aniline  hydrochloride  in  water 
at  25^  C. — The  partition  coefficient  of  aniline  is  first  determined  by  shaking 
in  the  usual  way  500  c.c.  water  and  75  c.c.  benzene  with  5-10  grams  aniline. 
The  aniline  in  the  benzene  layer  is  determined  by  titration  with  bromine 
water  of  known  titre.  (See  Book  Y.  for  details,  p.  423.)  The  titration  should 
be  carried  out  in  a  stoppered  bottle  with  thorough  shaldng.  (Employ  a  smaU 
aliquot  part  of  the  benzene  layer.) 

Then,  a  known  amount  of  aniline  hydrochloride  is  dissolved  in  1000  c.c. 
water,  75  c.c.  of  benzene,  added,  shaken,  and  again  the  amount  of  aniline  in 
the  benzene  solution  is  determined.    The  theory  is  as  follows : 

When  a  salt  of  a  wei^  base  or  weak  acid  is  dissolved  in  water,  hydrolysb 
takes  place  according  to  the  equation 

salt + waterr-^acid  +  base, 
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and  the  equilibrium  is  defined  by  the  law  of  mass  action, 

where  c^,  c^,  etc.,  are  the  respective  molecular  concentrations. 

This  can  be  studied  by  determining  the  partition  of  the  base  or  acid  between 
water  and  another  solvent,  e.g.  benzene. 

Let  a  be  the  initial  amount  of  HCl  in  gm.  equivalents ;  b  be  the  initial 
amount  of  aniline  in  gm.  equivalents ;  k  be  the  partition  coefficient  of  aniline 
between  water  and  benzene ;  v  fhe  volume  of  benzene  per  litre  of  water. 

At  equilibrium,  c^  is  the  concentration  in  gram  equivalents  per  litre,  of 
aniline  in  the  water  layer. 

.'.  cjcv  b  that  in  benzene. 

As  the  total  amount  of  free  base  is  then  c^{l  +Jb)  and  the  initial  amount 
was  6,  then  6  -  c^{l  +  fa?) 

must  still  be  left  as  salt  and  it  is  in  the  aqueous  layer  ac^. 

The  amount  of  acid  originally  was  a,  hence  the  rest  of  the  acid  not  in  the 
salt  must  be 

a  -h  +  c^{l  +kv)  ^c^. 

Substituting  in  the  first  mass  action  equation 

k 

k. 
Now  —is  constant  because  c.  is  constant.    Let  it  equal  0, 

As  the  salt  had  been  taken  dissolved  in  water,  the  acid  and  base  are  in 
equivalent  proportions, 

/.  C3-C4,  and  Ci»6-C4. 
/.  6-C4-CC/. 

Since  C  has  been  determined  and  b  is  known,  c^  is  calculated. 

The  degree  of  hydrolysis  is  the  ratio  of  free  base  in  water  actually  present 

compared  with  the  whole  of  the  base  used  as  salt,  i.e.  ^,  or  100  times  this  if 
expressed  as  a  percentage. 
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CHAPTER  VI. 

ADDITIVE  PROPERTIES  OF  THE  MOLECULE. 

1.  Molecular  Volumes — already  dealt  with. 

2.  Refractivity. 

3.  Refractivity.  Use  of  the  Pulfirich  refractometer.— When  a  ray  of  light 
passes  from  one  medium  to  another  obliquely,  it  suffers  refraction  according 
to  the  law 


n 

N" 


sini 
sinr' 


N  and  n  being  the  refractive  indices  of  the  second  and  first  medium  respectively, 
%  and  f  the  angles  of  incidence  and  refraction. 

When  travelling  from  a  dense  to  a  lighter  medium,  if  the  incidence  is 
greater  than  a  certain  angle  called  the  critical  angle,  the  ray  cannot  pass 


FlO.  136. 


Fig.  187. 


through  the  surface,  but  is  totally  reflected  at  the  critical  angle  when  the 
angle  of  refraction  is  90**, 


sin  90^ 
sinr 


n 


f  =  8m" 


N' 


The  principle  of  Ptdfrich  refractometer  lies  in  the  use  of  a  dense[right-angled 
prism  of  glass  with  bevelled  edges  qp  the  top  surface,  and  to  which  is  cemented 
a  cell  containing  liquid  the  lower  side  of  which  is  transparent.  A  diagrammatic 
section  is  shown  in  Fig.  137. 
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Let  N  be  the  R.I.  of  the  glass,  n  tha;t  of  the  liquid  standing  in  the  cell. 

n 
Then  ^^^sinr 

N 

if  the  light  ray  approaches  along  the  surface  liquid-glass,  n  being  smaller  than 
N. 

At  the  second  surface,  taking  air  as  having  a  R.I.  of  unity, 

sin  %         sin  % 


N- 


sin  (90° -f)     cosf' 
iV*cosV=»sinH' 


iV«(l -sinV)= Wl -—JUsinH'. 


whence  -n^V-A^-sinH'. 

If  we  measure  %,  the  angle  at  which  the  light  emerges  from  the  prism,  n  can 
be  found. 

n  —  1 
Gladstone  and  Dide  found  that  — -=-,  where  d  b  the  density,  is  nearly  con- 
stant for  substances  at  various  temperatures,  while  LorerUz  and  Lorenz  in- 
dependently deduced  that  the  formula 

n«-l    1 

is  a  constant  depending  only  on  the  nature  of  the  substance. 

This  expression  is  termed  the  specific  refractivity  of  the  substance,  the 
molecular  refractivity  being 

M    n«-l 
d  *  n«  +  2' 

The  latter  expresses  an  *'  additive  '*  property  of  the  substance. 

To  perform  the  experiment,  it  is  necessary  to  use  monochromatic  light. 
This  may  be  obtained  by  means  of  a  sodium  flame  or  from  the  spectrum  li&es 
of  rarefied  gases  with  the  aid  of  an  induction  coil. 

The  sodium  flame  may  be  obtained  by  heating  a  salt  of  sodium  on  a  ring 
of  asbestos  bound  on  to  the  tip  of  a  bunsen  burner  or  on  a  loop  of  platinum 
wire  or  gauze.  A  protecting  circular  wall  having  a  small  hole  on  one  side 
protects  the  flame  from  draughts. 

The  C  and  F  lines  of  the  hydrogen  spectrum  may  be  used,  being  produced 
conveniently  in  a  Geissler  tube  of  the  shape  shown  in  order  to  allow  for  its 
use  in  the  end-on  position  when  a  greater  illumination  will  be  brought  to 
bear.     (Fig.  138.) 

Regulation  of  temperature. — ^As  temperature  changes  make  a  great  difier- 
ence,  not  only  in  the  R.I.  of  the  solution,  but  also  of  the  glass,  a  constant 
temperature  is  maintained  by  currents  of  water  circulated  as  shown  in  the 
figure.    (Fig.  139.) 

The  prism  is  surrounded  by  a  metal  box  A,  through  which  the  water  cir- 
culates. The  water  is  then  led  into  the  box  B,  which  is  immersed  right  into 
the  liquid  and  serves  to  cool  or  warm  the  latter.  The  thermometer  inserted 
in  position  indicates  the  temperature  of  the  liquid  on  the  prism. 


Digitized  by 


Google 


470 


TEXT-BOOK'OP  PRACTICAL  CHEMISTRY 


The  Pnlfrioh  refractometer  is  shown  in  Fig.  140,  the  heating  (or  cooling) 
apparatus  being  shown  separately  in  Fig.  139  to  avoid  confusion. 

A  prism  P  carries  on  its  upper  face  the  glass  cell  C,  in  which  is  placed 
the  liquid  under  experiment.  The  prism  is  surrounded  on  all  sides  except 
that  nearest  the  telescope  T  by  a  metal  box  through  which  water  circulates 
as  already  described.  Z)  is  a  graduated  circle  with  a  vernier  (not  shown), 
E  is  the  eye-piece,  /S  is  a  slow  motion  screw,  and  £  is  a  clamping  screw  which 
brings  the  slow  motion  into  action. 


Fia.  188. 


FIG.  189. 


i2  is  a  prism  for  use  with  sodium  light.  It  is  removed  when  the  Geissler 
tube  is  being  used.  Z  is  a  lens  for  use  with  the  Geissler  tube.  It  is  removed 
when  sodium  light  is  used. 

To  use  the  instrument,  place  some  of  the  required  liquid  in  the  cell  C. 

Illuminate  the  telescope  slit  and  focus  the  cross- wires. 

Place  the  cap  on  the  cell,  and  from  a  thermostat  pass  water  at  the  required 
temperature  round  the  prism  and  through  the  cell-heater. 

Illuminate  the  prism  22  by  a  sodium  flame,  turning  22  so  as  to  throw  a  band 
of  light  on  the  slit  in  the  cell  cover. 

Now  turn  the  telescope  round  (with  screw  K  slack)  till  a  bright  yellow 
band  of  light  is  seen.  The  upper  edge  of  this  corresponds  with  light  which 
enters  P  as  shown  by  the  arrow  in  Fig.  139.  Adjust  this  edge  to  the  cross- 
wires  (finally  by  clamping  K  and  using  S), 

Having  obtained  several  readings  (at  least  10,  approaching  the  edge  of  the 
band  from  opposite  directions  alternately)  find  the  mean  and  look  up  the 
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refractive  index  from  the  angle  %  (measured)  in  the  tables  supplied  by  the 
maker  with  the  instrument. 

Corrections  for  temperature  are  also  supplied. 

Nate. — ^In  some  types  of  instrument  the  prism  is  fixed  and  the  "  zero  " 
must  be  taken  as  correct.  In  other  forms  several  prisms  (interchangeable) 
are  supplied,  for  difEerent  refractive  index  ranges.  After  a  prism  has  been 
fixed  in  position  the  telescope  should  be  adjusted  to  zero  by  obtaining  coin- 
cidence between  the  direct  image  of  the  cross-wires  and  their  image  reflected 
from  the  face  of  the  prism  nearest  the  telescope.  (A  small  total-reflection 
prism  is  fixed  in  the  telescope  slit.)  The  slit  must  be  well  illuminated  during 
the  adjustment. 


Fia.  140. 


Determine  the  molecular  refractivity  of  methyl  and  ethyl  alcohol,  ether, 
chloroform  and  carbon  tetrachloride  at  15^. 

Also  determine  the  molecular  refractivity  due  to  the  CH,  group  in  the  case 
of  formic  and  acetic  acids  at  25^  C,  and  verify  by  finding  the  same  from  a 
study  of  benzene  and  toluene. 

The  principle  on  which  this  rests  is  the  additive  nature  of  the  molecular 
refractivity,  which  is  made  up  of  the  sum  of  the  atomic  refractivities  of  the 
atoms  in  the  molecule. 

It  is  a  simple  algebraic  calculation  therefore,  after  finding  the  molecular 
refractivities  of  various  substances  containing  similar  atoms,  to  deduce  the 
atomic  refractivities. 

It  is  found  that  the  benzene  ring,  double  and  triple  bonds  also,  all  have 
values  of  their  own. 

The  principle  may  also  be  applied  to  solutions  in  a  precisely  similar  fashion. 
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Chapter  vii. 

ADDITIVE  PROPERTIES  OF  THE  UOLEXSUIM— Continued, 

Thermo-ohemifltry. — ^As  practically  all  chemical  reactions  are  exothermic 
or  endothermic,  i.e,  occur  with  evolution  or  absorption  of  heat,  thermo- 
chemistry is  an  important  branch  of  physical  chemistry  as  furnishing  methods 
for  determining  energy  changes. 

Determinations  may  be  classified  as 

(1)  Heat  of  solution  or  dilution. 

(2)  Heat  of  neutralisation  (and  ionisation). 

(3)  Heat  of  combustion. 

(4)  Heat  of  formation. 

To  enable  us  to  measure  these  quantities,  we  require 

(1)  A  specification  of  the'units. 

(2)  A  Imowledge  of  the  specific  heats  of  the  substances  reacting,  and  of 
the  vessels  in  which  the  experiments  are  performed. 

(3)  The  melting-points,  boiling-points  and  latent  heats  of  fusion  and 
vaporisation  of  the  bodies  concerned. 

Definitions. — The  unit  of  heat  is  the  calorie,  or  amoimt  of  heat  required 
to  raise  one  gram  water  through  1°  C.  from  IS^'-IG*'  C.  (The  specific  heat  of 
water  varies  with  temperature.) 

The  large  calorie  or  kilo-calorie  written  **  Cal."  is  a  unit  of  1000  calories, 
this  unit  being  often  more  convenient  owing  to  the  smallness  of  the 
calorie. 

Changes  of  temperature  should  be  measured  by  means  of  an  accurate 
thermometer  graduated  to  hundredths  of  a  degree  C.,  e,g,  a  Beckmann,  and 
the  measurements  are  usually  performed  in  polished  "  calorimeters "  of 
silver,  nickel,  aluminium  or  copper  placed  on  non-conducting  stands  inside 
one  another  as  shown  in  the  figure. 

All  calorimeters  should  be  polished  to  prevent  radiation  as  much  as  possible, 
and  fitted  with  non-conducting  covers. 

The  outer  vessel  should  be  double,  and  during  the  operation  is  kept  filled 
with  water  at  constant  temperature.  This  in  turn  is  surrounded  by  a  jacket 
of  felt.  See  Richards,  /.  Am,  Ch,  /Soc.,  1910,  p.  413,  and  Benedict  and  Higgins, 
ibid.  p.  461. 

The  determination  of  melting-  or  boiling-points  will  be  foimd  elsewhere, 
while  that  of  the  specific  and  latent  heats  may  be  determined  by  methods 
based  on  what  follows. 
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Before  any  accurate  determinations  can  be  made,  the  water-value  or 
aniline-value  (or  value  in  terms  of  whatever  liquid  is  employed)  of  the  appa- 
ratus, must  be  determined. 

This  is  mi«i  +  n»^s  +  ms«3  +  .... 

where  m^,  Si,  etc.,  are  respectively  the  masses  and  specific  heats  of  the  calori- 
meter, the  thermometer  and  the  stirrer.  These  are  not  determined  separately, 
but  as  follows : 

Fill  the  outer  vessel  with  water  and  allow  it  to  assume  the  temperature 
of  the  surrounding  air  (even  if  this  takes  a  considerable  ^ime). 

Now  weigh  the  inner  calorimeter,  place  in  it  about  250  c.c.  pure  distilled 
water,  and  weigh  again. 

Q 


Fia.  141. 

'  Put  everything  in  position  as  in  the  diagram,  meanwhile  warming  about 
250  c.c.  pure  distUled  water  in  a  flask  to  70^  C.  Place  this  flask  in  a  vessel 
exactly  similar  to  the  calorimeter,  with  a  thermometer  dipping  into  it. 

Take  both  temperatures  every  minute  or  half  minute,  stirring  regularly 
and  quietly  the  while. 

At  a  certain  moment,  transfer  the  hot  to  the  cold  as  quickly  as  possible, 
and  continue  to  take  readings  of  the  temperature  every  period  as  before, 
continuing  for  at  least  5  minutes. 

The  exact  temperatures  at  mixing  can  be  obtained  from  the  extrapolation 
of  the  curves  obtained. 

Thus  in  the  curves  shown  in  Fig.  142,  curve  a  gives  the  readings  of  the  hot 
water  ;  b  of  the  cold  water  ;  c  of  the  mixture. 

These  curves,  when  prolonged  to  meet  the  ordinate  drawn  .or  the  .time 
of  mixing  give  the  true  temperatures  x,  y  and  z  at  which  the  hot,  cold  and 
mixture  would  have  stood  had  mixing  been  instantaneous. 
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Finally  weigh  the  calorimeter  proper  to  the  nearest  centigram  to  determine 
the  amount  of  water  added. 

If  Tf  is  the  water  value  required,  Wa  the  weight  of  hot  water,  w^  the  weight 
of  cold  water,  t^-,  ty,  t^  the  respective  temperatures  at  time  of  mixing  as  found, 

As  the  specific  heat  of  water  is  not  constant,  the  mean  values  for  the  ranges 
of  temperature  chosen  should  be  taken. 
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FIG.  142. 


Table  of  Specific  Heats  of  Water  at  Different  Temperatnrei. 

(Callendar,  Phil.  Tr.,  1902,  144.) 


Temp 

8.H. 

TemiK 

S.H. 

Temp. 

8H. 

(f 

10094 

26° 

0-9992 

60° 

0-9087 

6^ 

10064 

30° 

87 

60° 

10000 

10° 

10027 

36° 

83 

70° 

16 

16° 

10011 

40° 

82 

80° 

33 

20° 

10000 

46° 

83 

100° 

74 

The  standard  is  the  calorie  at  20°. 

For  several  experiments  in  which  the  bodies  concerned  do  not  mix  with 
aniline,  the  latter  may  be  used  as  the  calorimetric  substtoce,  its  specific  heat 
being 

0-5156 + 0-00e4(<  -  20)  +  0-000002(t  -  20)«  +  etc. 

Once  the  water  value  of  the  calorimeter  is  known,  specific  heats  of  solids 
or  liquids  may  be  determined  in  a  precisely  similar  experimental  method. 

For  determination  of  latent  heats  of  fusion  and  vaporisation  see  Watson's 
Practical  Physics. 

Heat  evolution  or  absorption  is  a  strictly  additive  property,  Hess*s  Law 
stating  that : 
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*^  The  heat  change  from  one- state  to  another  is  independent  of  all  save  the 
initial  and  final  conditions  of  the  substance." 
Thus,  we  may  write  the  equation 

2P,  50  =  Pji05+a;Cal., 

meaning  that  when  twice  the  atomic  weight  in  grams  of  phosphorus  burns  in 
oxygen  with  the  formation  of  one  molecule  of  phosphorus  pentoxide,  x  Cals. 
of  heat  are  evolved. 

Similarly,  P^Og,  H^O  =  2HP08  +  y  Cal. 

2HP08,  2H,0-2H,P04+2  Cal. 

Then  the  change  2P,  50,  3H,0  to  2H3PO4  would  evolve  x-¥y+z  Cals. 

By  determining,  for  example,  the  heats  of  solution  or  combustion  of  various 
allotropic  forms  of  substance,  we  can  determine  indirectly  the  heat  of  trans- 
formation of  one  allotrope  into  another. 

A  thermochemical  equation  is  expressed  in  the  above  manner,  the  full 
explanation  of  which  will  be  found  in  theoretical  text-books. 

(1)  Heat  of  solution. — This  is  the  quantity  of  heat  evolved  or  absorbed 
when  one  gram  molecule  of  substance  is  dissolved  in  a  stated  number  of  gram 
molecules  of  a  solvent.  Care  must  be  taken  in  the  case  of  crystalline  substances 
in  which  state  of  hydration  the  substance  b  originally  taken,  e.g.  CUSO4.  H^O 
will  have  a  different  heat  of  solution  from  CUSO4.  SH^O,  the  difference  being 
the  heat  of  hydration. 

Similarly  the  heat  of  dilution  is  the  amount  of  heat  evolved  when  one  gram 
molecule  of  a  substance  is  diluted  from  one  given  strength  to  another,  or  to 
such  a  great  volume  that  the  latter  may  be  taken  as  infinity. 

Detefmination  of  the  heat  of  solution  of  sodium  thiosiih^hate  (potassium 
nitrate  or  any  salt)  in  water.  Take  10-15  grams  of  the  salt,  powder  finely, 
and  weigh  in  a  test-tube  if  the  nature  of  the  salt  permits,  otherwise  take  the 
dried  crystals  and  weigh  in  a  stoppered  or  sealed  vessel  {e.g.  if  hygroscopic  or 
efflorescent). 

Place  in  an  enclosure  surrounded  by  water  of  known  temperature,  weigh 
the  calorimeter  and  into  it  weigh  some  500  grams  of  distilled  water. 

If  possible,  both  the  salt  and  the  water  are  brought  to  the  same  temperature 
before  mixing,  but  if  not  at  air  temperature,  note  the  rate  at  which  they  cool. 

When  all  is  ready,  transfer  the  salt  quickly  to  the  water  and  stir  well, 
taking  the  temperature  every  half  minute.  Finally  find  the  maximum 
temperature  as  described  in  the  previous  experiment. 

For  the  greatest  accuracy,  it  is  necessary  to  know  or  find  the  specific 
heat  of  the  solution  of  the  salt  of  the  final  strength,  though  it  is  really  very 
near  unity. 

If  the  salt  is  at  a  different  temperature  from  the  water,  the  specific  heat 
of  the  solid  must  be  taken  into  account.  The  working  out  of  the  result  is 
obvious. 

Determine  the  heat  of  hydration  of    \   PuQO**  RH*0 

(by  experimenting  with  suitable  quantities  of  the  anhydrous  and  of  the 
hydrated  salts  respectively). 
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(2)  Determination  of  the  heat  of  neutralisation  of  acids  and  bases.  Heat  of 
ionisation. 

/N 
Method. — 250  c.cs.  each  of  dilute  solutions  of  the  acid  f  |-  HCl,  B.^0^, 

acetic  acid,  etc.)  and  of  alkali  (^  NaOH,  NH4(0H),  KOh)  are  brought  to  the 

same  temperature  and  mixed  quickly  with  stirring.  Temperatures  are  inter- 
polated as  before. 

The  specific  heats  of  the  resulting  salt  solution  in  the  case  of  sodium 

N 
chloride  may  be  taken  as  0*98  ;  density  1-043  [i.e.  of  j-  NaCl). 

Theory  and  result. — (a)  When  caustic  soda  and  hydrochloric  acid  are  used 
a  result  of  13*7  Cal.  will  be  found  when  using  the  equivalent  amounts  of  each, 
but  with  anmionia  and  hydrochloric  acid  or  with  caustic  soda  and  acetic  acid 
other  values  will  be  obtained. 

In  the  first  cases,  owing  to  the  practically  complete  ionisation  of  NaOH 
and  HCl,  the  equation  of  the  reaction  is 

Na-  +  OH'  +  H-  +  a'=Na-  +  a'  +  HOH. 

The  13*7  Cals.  therefore  represent  the  heat  of  association  of  H*  and  OH' 
ions. 

If  the  solutions  are  not  dilute,  however,  the  true  value  is  not  obtained, 
as  ionisation  of  the  salts  is  not  complete. 

(6)  In  the  latter  cases,  owing  to  the  very  incomplete  ionisation  of,  e.g. 

/N        .       .  ...  \  . 

acetic  acid  I—  acetic  acid  has  a  degree  of  dissociation  of  0*006  j  the  difference 

between  the  result  obtained  and  13*7  Cal.  will  represent  the  heat  of  ionisation 
of  the  weak  acid  or  base  (the  degree  of  ionisation  being  taken  as  practically 
nil  within  the  limits  of  error). 

The  principal  application  of  this  is 

The  determination  of  the  avidity  of  adds  and  bases  (Thomsen's  method). 
If  a  base  and  two  acids  or  vice  versa  be  present  in  a  solution  in  equivalent 
proportions,  the  base  will  divide  itself  between  the  two  acids  in  a  certain 
ratio  giving  relative  "  avidities  "  or  "  strengths  "  of  acids  according  to  the 
ionisation  of  the  latter.  One  method  for  the  determination  of  this  ratio  is 
provided  by  Thermochemistry.  (For  other  methods  see  Polarimetry,  Electro- 
chemistry and  Chemical  Kinetics.) 

£.^.— Determine  the  relative  avidities  of  trichloraeetic  and  nitrie  (or  hydro- 

N 
chloric)  acids. — Find  the  heat  evolved  when  500  c.c.  of  ^  solution  of  sodium 

N 
trichloracetate  reacts  with  the  same  quantity  of  —  hydrochloric  acid,  also  when 

.  .         N       . 
similar  quantities  of  ^  sodium  chloride  and  trichloracetic  acid  react. 

Suppose  the  proportion  of  sodium  chloride  transformed  is  x  per  unit 
quantity. 
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Then  NaQaq  +  (Xla  .  COOHAq 

=xHClAq  +  xCa^  .  COONaAq  +  (1  -  a;)Ca8  .  COOHAq  +  (1  -  a;)NaClAq  +  Hj, 
where  H^  is  the  heat  evolved, 

CCla.  COONaAq +HClAq 
=  xCa^  .  COONa  +  xHClAq  +  (1  -  aj)Ca8 .  COOHAq  +  (1  -  a;)NaClAq  +  H,. 

Now,  in  the  first  case,  the  heat  evolved  is  that  of  neutralising  x  mols.  of 
NaOH  by  x  mols.  chloracetic  acid  -  heat  of  neutralising  x  mols.  HCl  by  x  mols. 
NaOH. 

In  the  second  case,  it  is  that  of  neutralising  (l-x)  mols.  by  HCl  by  NaOHAq 
-  that  from  (1  -  x)  mols.  of  NaOH  by  COj  .  COOHAq. 

Hi x_ 

giving  the  ratio  required. 

If  complications  such  as  the  formation  of  acid  salts  come  in,  they  must  be 
allowed  for. 

Suppose  that  Na2S04  and  2HNO3  ^^^t  together  in  dilute  solution,  and  that 
X  molecules  of  Na2S04  are  broken  up,  forming  2x  mols.  NaNO^,  then 

Na  JSO4  +  2HNO3  =  (1  -  a;)Na^04  +  xH  JSO4  +  2a;NaN08 

+  2(l-a;)HN08  +  HCal. 

H  is  obviously  made  up  on  account  of  a  number  of  changes,  in  which  the 
X  molecules  of  H2SO4  may  react  with  1  -x  molecules  of  Na2S04,  to  form  the 
acid  salt. 

Thomsen  gives  the  heat  changes  due  to  this  as 

Na,S04Aq  .  a;'H^04Aq  =  330o(l  +5^')"^Cal  =  ^^'  Cal. 

Hence  if  we  perform  the  experiment  with  (a)  2NaN08  and  H2SO4  j  (b) 
NajS04  and  2HNO3,  and  (c)  use  Thomsen*s  formula  for  the  bye-action,  the 
ratio  may  be  worked  out  from  substitution  in  an  equation  in  a  manner  similar 
to  the  calciflation  for  trichloracetic  and  hydrochloric  acids. 

(3)  Heat  of  combustion. — The  heat  generated  by  the  combustion  of  one 
gram-molecule  of  an  organic  body  is  known  as  the  Heat  of  Combustion.  From 
the  value  obtained,  knowing  the  heat  of  formation  of  the  products  (CO2  and 
HjO  and,  at  times  NOg)  we  can  calculate  the  heat  of  formation  of  the  body. 

It  must  be  remembered  that  different  values  must  be  expected  according 
to  whether  the  experiment  is  performed  at  constant  volume  or  constant  pres- 
sure. 

Owing  to  the  energetic  nature  of  the  combustion  in  some  cases,  and  the 
changes  of  pressure  and  temperature  which  are  likely  to  occur,  the  experiment 
is  done  in  the  Mahler  '*  Calorimetric  Bomb  "  (Fig.  143),  in  an  atmosphere  of 
compressed  oxygen. 

A  strong,  thick- walled  vessel  A,  lined  with  porcelain  or  platinum,  has  a 
stout  lid  fitted  to  it,  and  in  the  lid,  which  screws  on  to  a  lead  washer  B  B 
(to  render  everything  air-tight)  are  two  right-angled  holes  C  C,  into  which 
oxygen  may  be  passed  arid  which  can  be  plugged  by  two  screws  D  D'  to  keep 
out  water. 
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The  holes  are  closed  at  the  top  by  screw  valves  E  and  E\  E  serving  as  one 
terminal  of  the  electric  current  to  be  used. 

Touching  the  bottom  of  £  is  a  platinum  tube,  H,  descending  well  into  the 
calorimeter  to  allow  of  the  passage  of  oxygen  to  the  latter,  and  supporting  a 
platinum  crucible  /  into  which  the  substance  is  placed. 

0  and  H  are  connected  electrically  by  a  spiral  of  fine  iron  wire  dipping  into 
L.  This  serves  as  the  igniting  apparatus,  being  raised  to  a  red  heat  by  the 
electric  current. 

When  filled,  the  bomb  is  lowered 
into  the  calorimeter,  which  is  provided 
with  a  mechanical  stirrer  and  a  Beck- 
mann  thermometer,  the  remainder  being 
as  before. 

To  fill  the  bomb,  unscrew  the  lid  and 
place  about  0-5  to  07  grams  of  the 
substance  in  question  in  the  crucible  in 
tabloid  form ;  connect  0  and  H  by 
means  of  a  weighed  fine  iron  wire 
about  7  cm.  long  and  O'l  mm.  dia- 
meter, wound  in  the  form  of  a  narrow 
spiral  and  made  to  dip  into  the  crucible 
to  touch  the  substance. 

Rub  a  IMe  vaseline  around  the  lead 
washer  and  screw  the  lid  firmly  down. 
Feed  in  oxygen  through  C,  E  being 
loose  and  the  valve  E'  closed.  When 
a  pressure  of  something  just  over  20 
atmospheres  is  obtained,  screw  down  E, 
disconnect  the  cylinder  and  screw  in  Z), 
listening  for  any  possible  leaks,  which 
must  be  avoided.  Attach  wires  to  E 
and"^  and  lower  the  bomb  carefully  into 
the  calorimeter  containing  a  weighed 
amount  of  water  (of  such  volume  that 
it  rises  to  the  screws  D  D'). 

Now  allow  everything  to  attain  the 
same  temperature,  which  should  be 
arranged  to  be  about  1*5^  below  air  temperature,  so  that,  if  quantities  be 
taken  correctly,  the  final  temperature  will  be  about  the  same  amount  above 
it,  thus  minimising  the  efiects  of  radiation. 

The  terminals  are  now  joined  through  a  switch  to  a  battery  of  such  potential 
difierence  that  the  iron  wire  takes  fire  in  a  second  or  two  (to  be  determined 
by  previous  trial). 

After  everything  has  become  steady,  with  the  stirrer  working,  note  the 
temperature  every  minute  for  about  10  minutes.  Then  close  the  circuit, 
noting  the  exact  time. 

The  iron  wire  will  ignite  and  brei^  the  cbcuit,  but  will  have  inflamed  the 
substance  in  the  crucible  which  will  itself  bum.     Take  readings  every  minute 
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and  note  carefully  the  highest  temperature  attained.  Continue  to  take 
readings  every  minute  for  10  minutes,  then  remove  the  bomb  from  the  calori- 
meter and  empty  it  by  xmscrewing  D\  then  E'.  Remove  the  top,  weigh  any 
unbumt  iron,  dean  and  dry  the  apparatus. 

The  temperature  may  be  calculated  as  before  (interpolation)  or  from  the 

2 
where  T  is  the  final  temperature  to  be  calculated,  n  the  number  of  minutes 
from  the  time  of  ignition  to  the  time  of  the  determination  of  r,  the  highest 
temperature  attained,  8t  and  Si'  the  average  rates  of  change  of  temperature 
during  the  periods  before  the  ignition  and  after  the  attainment  of  the  highest 
temperature  respectively,  taking  the  signs  +  or  -  into  consideration. 

The  water  value  of  the  calorimeter  cannot  be  determined  very  conveniently 
by  the  method  given  previously,  but  may  be  determined  by  burning  a  known 
mass  of  a  body  of  known  heat  of  combustion  such  as  benzoic  acid  or  naphtha- 
lene under  the  same  experimental  arrangements  as  those  just  described. 

DcUa, — ^Heat  of  combustion  of  benzoic  acid,  6*32  Cal.  for  1  gm.  (take  (hS 
grams). 

Heat  of  combustion  of  naphthalene,  9*69  Cal.  for  1  gm.  (take  0*5-0*75 
grams). 

Thus,  determine  the  heat  of  combustion  of  benzene,  salicylic  add  or  of 
camphor,  and  determine  the  heat  of  formation  of  camphor. 

Calculation,  Cjo  H^  0  +  270 = lOCO, + SH^O. 

Heat  of  combustion  of  lOCOj = 10  x  96*96 = 969*6, 

8H,0=8x  68*36  =546*88. 
So     (Cio,  flie,  0)  +  (CioHieO  :  270)  =.  1516*48 

(Cio,Hie,0)+^A=1516*48, 

where  M  is  the  molecular  weight,  w  the  amount  taken,  h  the  number  of  calories 
measured. 

Hence  (C^,  H^,  0)  is  determined.    (Heat  of  formation.) 
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CHAPTER  VIII. 

ADDITIVE  PROPERTIES  OF  THE  MOLECUIiE— Con^intied. 

Spectroscopy. — The  study  of  the  spectrum  in  the  hands  of  Baly,  Desch 
and  Collie  has  yielded  many  results  of  highest  importance,  the  bright  spectral 
lines  emitted  by  gases  and  vapours  yielding  a  means  of  identification  of 
elements  not  only  in  the  laboratory  but  also  in  astronomical  work. 

The  spectrometer. — This  instrument  consists  essentially  of  a  slit  S  illumi- 
nated by  a  source  of  light  and  an  arrangement  of  lenses  (Fig.  144). 


FIO.  144. 


A  lens  C,  termed  a  ^^  collimator,"  is  placed  such  that  S  is  in  its  focal  plane, 
thereby  producing  a  bundle  of  parallel  rays.  These  are  refracted  by  means 
of  a  dense  lead  glass  prism,  set  in  the  position  of  minimum  deviation  for  mean 
(sodium  D  line)  rays,  into  a  number  of  coloured  parallel  beam3  which  are  in 
turn  collected  by  a  second  lens.  The  image  or  spectrum  thereby  produced  is 
viewed  with  the  aid  of  an  eye-piece  with  cross-wires  fixed  at  R  F.  The  lens 
L  and  eye-piece  at  E  form  a  telescope  which  is  capable  of  rotation  around  a 
circular  scale  in  a  horizontal  plane,  and  is  fitted  with  a  vernier. 

To  adjust  the  spectrometer,  remove  the  prism,  turn  the  telescope  round 
towards  a  distant  object,  focus  the  cross- wires  with  the  eye-piece  and  then 
the  telescope  itself  on  a  distant  object.  It  is  then  adjusted  for  the  reception 
of  parallel  rays. 

Illiuninate  the  slit,  and  looking  directly  at  it  through  the  collimator  and 
telescope,  bring  the  slit  into  focus  by  racking  it  nearer  or  farther  from  the 
collimator  as  the  case  may  be. 

In  some  spectrometers  the  prism  table  requires  no  adjustment ;  in  others, 
it  is  provided  with  three  levelling  screws,  but  in  any  case  it  can  be  rotated 
in  its  own  plane. 

Place  the  prism  on  this  table  with  the  refracting  edge  towards  the  colli- 
mator, illuminate  the  slit  with  sodium  light  (ail  other  light  being  excluded), 
and  rotate  the  telescope  in  order  to  receive  the  reflected  image.    Now  carry 
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the  telescope  round  to  the  other  side  to  get  the  image  reflected  from  the  other 
face,  thus  discovering  whether  or  no  the  prism  is  in  adjustment.  If  it  is  not, 
it  must  be  adjusted  by  the  levelling  screws  and  clamped  lightly  to  its  table. 
For  a  full  account  of  the  adjustment  and  its  theory  see  Watson's  Practical 
Physics,  pp.  292  ft. 

Now  rotate  the  prism  until  a  refracted  image  of  the  slit  is  seen  with  the 
eye  on  looking  through  the  prism,  and  continue  to  rotate  until  the  position 
of  minimum  deviation  is  reached.  Adjust  this  position  accurately  by  looking 
through  the  telescope  and  moving  the  latter  until  the  image  is  seen  ;  rotate 
the  prism,  following  the  image  with  the  telescope  until  this  image  appears  to 
ceas^  moving  forward  and  starts  to  move  back  in  its  original  direction.  The 
reading  of  the  deviation  may  be  taken  by  causing  the  image  of  the  slit  and 
vertical  cross-wire  to  coincide,  then  reading  the  circular  scale  and  vernier. 

As  a  source  of  light,  we  may  use  either  a  vertical  (Teissier  tube,  or  the  salts 
of  certain  metals  introduced  into  the  Bimsen  flame  as  described  in  a  previous 
experiment,  but  care  must  be  taken  to  have  a  narrow  slit. 

Calibratioii  of  the  speotrometer. — Bright  lines  of  known  wave  length  (see 
table)  are  used,  suitable  ones  being  mentioned  here. 

The  wave  lengths  are  expressed  in  micro-millimetres  (/x^=»unit  of  10"* 

o 

nam.),  or  m  Angstrom  units  (10-^  mm.). 


Table  of  Wave-lengths  in  Angstrom  units. 


SubsUnoe. 
Sodium 

Potassium 
»» 

» 
Thallium 
Hydrogen 


Helium 


Ck>pper  (arc) 


Colour. 

Wave  length. 

yellow. 

5890 

•» 

5896 

red. 

7668 

violet. 

4047 

red. 

6708 

orange. 

6104 

green. 

5351 

orange  red  (C). 

6563 

blue  green  (F). 

4861 

blue  (H). 

4341 

orange  red. 

6678 

yellow. 

5876 

green. 

5016 

blue  green. 

4922 

indigo. 

4472 

yellow. 

5780 

Ist  green. 

5290 

2nd      „ 

5220 

3rd      „ 

5153 

4th      ,. 

5105 

blue. 

4651 

blue. 

49ia 

»» 

4358 

violet. 

4078 

Mercury  (vapour  lamp) 


The  angular  deviations  of  a  number  of  well-distributed  lines  are  read  oft  on 
the  scale  and  vernier  when  ihe  images  coincide  with  the  cross-wire,  and  a  curve 
\s  drawn,  ordinates  representing  wave  length,  abscissae  angular  deviations. 
3i 
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From  tliis  curve  the  wave  length  of  any  line  whose  deviation  is  measured 
can  be  read  o£E  by  interpolation.  Naturally  the  curve  only  holds  good  for  the 
given  prism. 

Space  will  not  permit  of  a  lengthy  discourse  on  spectroscopy ;  the  student 
is  referred  to  Baly's  Spectroscopy  and  other  works. 
An  indication  of  the  possibiUties,  however,  is  given. 
1.  Analysis. — ^Knowing  by  experience  certain  spectrum  lines  produced 
from  salts  of  sodium,  potassium,  lithium,  strontium,  calcium,  barium,  thallium, 
etc.,  one  can  with  a  pocket  spectroscope  or  an  instrument  set  up  as  described, 
identify  mixtures  of  these  substances. 

For  accurate  work  a  measurement  is  made  of  the  deviation  of  the  .lines 
with  subsequent  reference  through  the  curve  to  a  table  of  wave  lengths. 

r— I  The  chloride  is  the  best  salt,  and  this  if  introduced  on  a 

platinum  cage  into  a  Bunsen  flame  produces  the  requisite 
S^   I  I  Ught. 

Should  the  salt  be  insoluble,  it  can  be  fused  with  sodium 
carbonate,  and  the  resulting  carbonate  moistened  with  hydro- 
chloric acid.  Examine  salts  of  Ca,  Sr,  Ba,  Li,  Tl,  Na,  E,  etc. 
Metals,  if  made  the  terminals  of  an  induction  coil  with 
small  spark  gap,  or  the  terminals  of  an  electric  arc,  give 
characteristic  lines  which  can  be  measured.  Care  must  be 
taken  in  many  instances  not  to  let  poisonous  vapours 
escape  into  the  air. 

Examine  Geissler  tubes  of  rarefied  gases  under  electric 
discharge. 

Spark  spectra  of  solutions  of  MgCl,,  SrCls,  NaCi,  etc., 
may  be  examined  by  volatilising  the  solution  from  a  capil- 
lary by  means  of  a  spark  from  a  coil  (Fig.  146). 

2.  Study  of  absorption  spectra* — ^When  a  beam  of  white 
light  passes  through  a  coloured  solution,  the  latter  cuts  out  certain  rays,  dark 
bands  or  lines  being  seen  on  examining  the  spectrum. 

Such  bands  or  lines  are  characteristic  and  afford  identification  or  informa- 
tion concerning  the  structure  of  organic  and  inorganic  substances. 

Study  the  effect  of  dilution  on  solutions  of  potassium  permanganate, 
potassium  dichromate,  uranous  salts,  copper  and  cuprammonium  salts, 
iodine  in  alcohol  and  in  potassium  iodide  solution,  and  suspensions  of  haemo- 
globin, using  the  light  of  a  carbon  or  iron  arc  with  close  terminals. 

Also  study  and  measure  the  Fraunhof er  lines  of  the  solar  spectrum,  and 
identify  some  of  the  elements.  Examine  the  absorption  spectra  of  N2O4 
and  iodine  vapour,  also  the  maximum  absorption  of  coloured  salts  at  certain 
dilutions. 

The  student  is  referred  to  text-books  for  further  ideas  and  experimental 
exercises. 

3.  Study  of  anomalous  dispersion.— Demonstration  of  Sellmeier's  tlieory. — 
See  Wood's  Physical  Optics  for  interesting  experiments  on  this  subject. 
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Polariiaticm. — ^When  a  ray  of  light  passes  through  a  crystal  of  Iceland 
spar,  it  is  doubly  refracted  unless  the  ray  traveb  along  an  axis  of  S3nnmetry  ; 
the  two  rays  produced  are  each  such  that  the  transverse  vibrations  of  the 
luminiferous  ether  are  in  one  plane  only. 

Each  ray  is  then  said  to  be  '*  plane  polarised/'  the  plane  of  vibration  of 
one  ray  being  perpendicular  to  that  of  the  other.  If  the  crystal  be  cut  diagon- 
ally, and  the  two  pieces  cemented  together 
with  a  layer  of  Canada  balsam  (Fig.  146), 
one  ray  passes  through  the  instrument 
(the  ray  of  less  refraction,  I  A) ;  the  other, 
however,  IB,  of  greater  refraction,  finds 
the  layer  of  Canada  balsam  such  that  the 
refractive  index  of  this  new  material  is 
less  than  that  of  the  spar.  Hence  the  ray 
strikes  very  obliquely  on  a  medium  of  less 
refractive  index,  relatively  to  that  ray, 
than  the  Iceland  spar  through  which  it  is 
travelling,  and  so  becomes  totally  reflected. 

The  system  is  called  a  "  NicoFs  Prism," 
and  is  used  for  plane-polarising  light. 

If  another  Nicol's  prism  be  placed 
parallel  to  the  first,  the  ray  which  has 
travelled  through  the  one  also  passes 
through  the  other,  but  if  the  second  in- 
strument is  rotated  round  the  direction  of 
the  ray  until  it  is  at  right  angles  to  the 
first  Nicol,  the  ray  cannot  get  through, 
thus  causing  total  extinction. 

The  first  Nicol  is  called  the  polariser,  the  second  the  analyser. 

Many  organic  substances  in  solution  or  by  themselves  possess  the  power 
of  rotating  the  plane  of  polarisation,  so  that  if  interposed  between  crossed 
Nicob,  the  field  of  view  is  no  longer  dark. 

If  the  analyser  has  to  be  rotated  to  the  right,  the  body  is  called  "  dextro- 
rotatory," if  to  the  left,  "  laevorotatory,"  the  apparatus  for  the  measurement 
of  this  being  termed  the  foUmmeter. 
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Laurent's  half  shade  device. — Instead  of  relying  on  the  total  extinction  of 
light,  which  cannot  be  determined  with  accuracy,  various  devices  are  used  to 
increase  the  sensitivity. 

The  "  half  shade  "  device  consists  in  arranging  one  portion  of  the  field  of 
view  so  that  the  plane  of  polarisation  is  rotated  slightly  to  the  left,  while  in 
the  other  portion  of  the  field  the  plane  is  rotated  equally  to  the  right,  mono- 
chromatic (e.g.  sodium)  light  being  employed. 

Thus,  in  Fig.  147,  if  the  analyser  be  rotated  1  to  LO,  LO  and  RO  being 
the  directions  of  the  projections  of  the  planes  of  polarisation  in  the  two  halves 
of  the  field,  the  field  ABOC  will  be  dark,  A'BOC  relatively  light. 

If  the  analyser  be  rotated  the  fields  will  coimter-change,  both  sides  being 
of  equal  intensity  when  the  analyser  is  1  to  OB. 

In  the  Laurent  half  shade,  this  effect  is  achieved  by  placing  in  one  half  of 
the  field  a  plate  of  quartz  cut  parallel  to  the  optic  axis,  such  that  through 


c 

Fig.  147. 


this  quartz  the  vibrations  of  the  ether  are  retarded  in  one  plane  more  than  in 
that  at  right  angles  to  the  latter  by  180^  of  phase  or  half  a  wave  length. 

Thus,  suppose  OB  and  OA  (Fig.  148)  are  the  resolved  simultaneous  directions 
of  a  portion  of  wave  OL.  Suppose  in  the  plane  AOA'  a  retardation  of  half  a 
wave  relatively  to  that  in  the  direction  BOB'  takes  place.  Then  simultaneous 
directions  of  the  motion  will  be  OB  and  0-4',  which  compoimd  into  OR, 
making  the  same  angle  0  with  OB  as  OL  did  before  the  wave  travelled  through 
the  quartz  plate. 

The  angle  BOR  can  be  regulated,  the  smaller  it  is  the  more  sensitive  is 
the  change,  although  less  total  light  is  let  through,  giving  a  greater  strain  to 
th^  eye.    The  experimenter  must  regulate  this  to  suit  himself. 

The  Bi-quartz  plate  is  another  device.  It  consists  of  two  semicircular 
plates  of  quartz  of  equal  thickness  cut  from  dextro  and  laevo  rotatory  crystab, 
and  fixed  symmetrically  to  the  principal  plane  of  the  polariser. 

The  theory  and  practice  is  similar  to  the  above,  equal  tints  being  obtained 
in  the  field  if  white  light  is  used  ;  equal  illuminations  if  monochromatic  light 
is  employed. 
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Other  devices  also  exist,  but  in  all  cases  they  depend  on  the  equal  illumina- 
tion of  parts  of  the  field  of  view.  Thus  Lippich,  by  the  use  of  two  auxiliary 
Nicols,  divides  the  field  in  three  parts,  causing  less  eye-strain  and  more 
accurate  adjustment. 

The  pdariineter. — The  arrangement  of  the  apparatus  is  shown  diagram- 
matically  as  follows : 

S  is  8L  source  of  light,  C  a  collimator,  Np  the  polarber  which  can  be  rotated 
between  limits  by  means  of  the  adjusting  lever  A, 


C 


5ri 


OG 


Np 


No, 


Ye 


Fig.  149. 


Q  is  the  bi-quartz  or  half  shade,  S^  the  tube  of  solution  or  optically  active 
liquid  either  10  or  20  cm.  in  length. 

N^  is  the  analyser,  and  this  with  a  telescope  is  attached  to  a  holder  rotating 
as  a  whole,  rotation  being  measured  on  a  fixed  circular  scale  0  (shown  in 
section)  by  means  of  a  sliding  vernier  fixed  rigidly  to  the  holder  carrying  N^. 

A  smiJl  lens  is  generally  fitted  in  front  of  the  vernier  to  facilitate 
readings. 

In  some  instruments,  instead  of  a  circle,  a  *'  Soleil's  compensa- 
tor "  is  used.  This  consists  of  two  wedges  of  optically  active  quartz 
of  equal  angle  arranged  to  slide  over  one  another  producing  a  plate 
of  varying  thickness,  measurements  being  made  by  a  micrometer 
screw  regulating  this  sliding  (Fig.  150). 

The  polariser  is  arranged  so  that  the  portions  of  the  field  of 
view  are  of  equal  illumination  when  the  quartz  wedges  are  imme- 
diately one  below  the  other. 

The  introduction  of  the  solution  will  necessitate  the  adjust- 
ment of  the  wedge  by  increasing  or  decreasing  the  thickness.  The 
scale  should  be  calibrated  previously. 

To  use  the  instrument,  arrange  it  such  that  the  source  of  light  is  at  a 
distance  from  the  collimator  approximately  equal  to  the  latter*s  focal  length. 

Now  focus  the  eye-piece  so  that  the  half  shade  is  seen  clearly.  Eotate 
the  analyser  until  there  is  equal  illumination  of  the  field,  adjusting  the  sensi- 
tivity to  the  most  convenient  value  consistent  with  clear  vision. 

(Note  that  another  position  of  the  analyser  at  90**  to  the  required  position 
will  give  equal  illumination — this  occurs  when  the  plane  of  polarisation  given 
by  the  analyser  is  nearly  that  given  by  the  polariser  in  the  two  halves  of  the 
field — ^this  position  must  be  avoided.) 

The  zero  of  the  instrument  must  be  determined  before  measurements  are 
made — this  is  effected  by  filling  the  tube  with  pure  distilled  water,  reading 
off  the  scale  and  vernier  when  the  equal  illumination  is  obtained,  and  taking 


FIQ.  150. 


Digitized  by 


Google 


486  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

the  mean  of  ten  readings,  approaching  the  position  from  either  side  alter- 
nately. Readings  to  the  left  are  to  be  taken  as  negative,  to  the  right  as 
positive,  and  the  requisite  corrections  to  subsequent  readings  noted. 

Rotation  of  the  plane  of  polarisation. — The  amoimt  of  rotation  is  pro- 
portional to  the  concentration  of  a  solution  and  the  length  of  it  viewed.  It 
also  depends  on  the  temperature  and  the  wave  length  of  the  light,  so  that 
monochromatic  light  should  be  employed. 

The  specific  rotation  of  a  solution  of  active  body  in  an  inactive  solvent  is 
the  rotation  produced  by  unit  mass  of  substance  in  unit  volume  of  solution 
when  one  decimetre  length  of  solution  is  employed.  It  is  denoted  by  the 
sjrmbol  [a]^  at  f  C.  when  the  sodium  D  line  is  the  source  of  illumination. 

Thus  if  X  grams  dissolved  in  100  c.c.  of  solution  produced  a  rotation  of  cf 
through  /  dms.  of  length  of  liquid, 

,  ^    lOOd  ,  ,    lOOd 

[a]«— = —  or  more  accurately  -= — , 

where  p  is  the  density  of  the  solution. 
The  molecular  rotation 


[m'\l-=^M  X  [a]^or  —  of  thisj. 


where  M  is  the  molecular  weight  of  substance. 

In  the  case  of  a  single  homogeneous  active  body  such  as  turpentine, 

w-l 

using  terms  smiilar  to  the  above. 

Dextrorotation  is  regarded  as  positive,  laevorotation  as  negative. 

Determine  the  concentration  of  a  cane  sugar  solution  after  finding  [a]^ 
for  oane  sugar.  Firstly  to  find  [a]^. — ^Powder  finely  10-12  grams  of  recrystid- 
lised  cane  sugar,  and  dry  over  cone,  sulphuric  acid  in  a  desiccator  for  10-12 
hours.  Make  a  solution  in  cold,  pure  distilled  water  of  about  10  grams 
weighed  out  accurately,  the  solution  being  made  in  a  100  c.c.  flask.  Let  it 
stand  for  some  time  till  solution  is  complete,  make  up  the  volimie  to  the  mark 
after  shaking ;  shake  again. 

Now,  after  finding  the  zero  of  the  instrument,  rinse  a  tube  with  the  sugar 
solution,  fit  the  cap  with  the  glass-plate  on  one  end,  pour  in  the  solution, 
and  allowing  no  bubbles  to  be  enclosed,  slide  on  the  other  glass-plate  and 
screw  in  the  cap.  Observe  the  rotation  and  calcidate  the  result,  noting  the 
temperature  of  the  experiment. 

N.B, — Never  leave  the  tube  full  of  liquid,  otherwise  it  may  be  cracked  by 
expansion. 

For  cane  sugar,  verify  that 

[a]i=66-5-00184(«-20). 

Having  foimd  a^^,  use  the  result  to  calculate  the  strength  of  the  solution  of 
unknown  concentration,  thus : 

If  the  solution  has  P  grams  of  active  substance  and  E  grams  solvent,  the 
solution  having  the  density  «,  then 

P+  E 

P+E  grams  solution  occupy c.c. 


Digitized  by 


Google 


OPTICAL  ACTIVITY 


487 


Hence  1  c.c.  solution  contains  -= — =,  gms.  substance  ; 

d        d  P+E 


I 


Ps       V    Ps 


P  +  E 

or  if  p  is  the  percentage  concentration, 

lOOP 
p=. 


H  = 


P  = 


P+E' 
rflOO, 
Ips 
lOOd 

l[a]8' 


Determine  the  specific  and  molecular  rotation  of  turpentine,  lactic  acid, 
or  any  active  organic  body  (all  of  which  contain  an  asymmetric  carbon  atom). 

At  temperatures  other  than  atmospheric,  a  special  tube  provided  with  a 
jacket  similar  to  a  Liebig's  condenser  is  employed  (Fig.  151). 


0 


5Z 
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FIO.  151. 

Detennine  the  rate  of  inversion  of  cane  sugar  by  dilute  sulphuric  acid.— For 

invert  sugar  |-^j^  ^  190-657  +  0-0361c  -  0-304(«  -  20) 

where  c  is  the  weight  in  grams  per  100  c.c,  as  the  value  varies  according  to 

the  concentration. 

Remember  that  when  inverting  cane  sugar 

CijHjjOji  +  HjO  =  CjHijOj  +  CjHijOj, 
342  grams  cane  sugar =360  grams  invert  sugar. 

360  _^     .  ,^ 

c  =  -— -  wt.  of  cane  sugar  per  100  c.c. 
<54^ 

The  rate  of  reaction  is  proportional  at  any  time  to  the  amoimt  of  sugar 
not  yet  inverted. 

If  A  is  the  original  amount  of  cane  sugar,  x  the  amount  inverted  after  a 
certain  time,  t  the  time  from  the  commencement  of  reaction 


where  ^  is  a  constant, 
log 


A 

A-x 


dt 


.0-4343/iC^  (see  Chapter  XII) 
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or  7  log 


t     ^  A-x 
is  a  constant. 

Suppose    a    is  the  original  rotation, 

a^      „      rotation  at  complete  inversion, 
Ox      „  „        after  x  has  been  inverted. 

.  A-x        X 

then  "^^'^'^i""^"*!* 

from  which 


A-x    o^-a^' 
/.  ^{log(a-a^)-log(a^-a^)}=a  constant. 

To  test  the  accuracy  of  this,  dissolve  about  16  grams  of  pure  sugar  in  100 
c.c.  pure  distilled  water,  and  place  in  a  constant  temperature  bath  (temp,  of 
room),  likewise  50  c.c.  of  an  approximately  normal  solution  of  siQphuric  acid. 

When  all  is  at  constant  temperature,  mix  the  solutions,  shake,  and  at  once 
take  a  reading  in  the  polarimeter  of  the  activity  of  a  portion  of  the  solution. 
As  the  tube  if  20  cm.  long  will  probably  hold  about  16  c.c,  nine  readings  can 
be  taken  at  suitable  intervals,  but  if  more  solution  be  mixed  beforehand 
the  number  of  readings  can  be  extended  or  made  more  frequent. 

By  this  means,  determine  the  relative  strengths  or  Aviditiefl  of  sulphurio 
and  hydrochloric  acidi.  (These  are  proportional  to  the  reaction  constant 
found  as  described  on  the  last  page.  Compare  with  the  thermochemical 
method.) 

Optical  isomerism  of  organic  acids. 

Every  optically  active  body  has  one  or  more  "  asymmetric  "  carbon 
atoms,  t.e.  carbon  atoms  to  which  are  attached  four  different  atoms  or  groups 
(see  theoretical  books).  The  reverse  is  not  necessarily  true  for  the  following 
reasons : 

1.  The  substance  may  consist  of  exactly  equal  quantities  of  the  A-  and 
I-forms.    This  is  the  case  in  synthesised  products.  . 

Such  a  mixture  is  termed  "  inactive  "  (»-)  or  racemic  (r-),  and  need  by  no 
means  have  the  same  physical  constants  as  the  individual  active  forms. 

Thus  :  f' Tartaric  acid. — Solubility  1  in  5'8  water  at  15**.  Loses  water  of 
crystallisation  on  heating  to  110^,  the  anhydrous  acid  melting  at  205^. 

d'Tartaric  ocwi.— Solubility  1  in  0-76  water  at  15**.  M.P.  167-170^.  De- 
stroyed by  penidUium  glaucum  (Pasteur,  C,R,  51,  298). 

U  Tartaric  add, — Same  as  for  ({-acid  but  not  destroyed  by  penicSXium 
glaucum.    For  the  20  %  solution  of  each, 

[a]g  =  9-96,        [a]S  =  ll-57. 

2.  The  substance  may  possess  two  equal  asymmetric  carbon  atoms  as  in 
tartaric  acid.  If  these  neutralise  one  another,  an  ^'  inlemaUy  compensated  " 
or  ''  meso  "  form  resiQts.  This,  being  a  true  compound,  cannot  be  resolved. 
Meso-tartaric  acid  loses  1  HjO  at  100°,  then  melts  at  140**. 
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CHAPTER  X. 

ELECKEBOCHEHISTBT. 

1.  Deflnitioiui. — Ohm's  Law,  When  a  current  of  electricity  flows  through 
a  conductor,  the  strength  of  the  current  is  given  by 

e 
r 
where  i  represents  the  current  in  amperes,  e  represents  the  potential  difference 
in  voUs,  r  represents  the  resistance  of  the  circuit  in  ohms,  the  same  law  being 
obeyed  in  electrolytes  as  in  metallic  conductors. 

An  amp^e  is  that  strength  of  current  which  liberates  0-0000104  grams  of 
hydrogen  (or  the  equivalent  amount  of  copper)  from  solution  in  1  second. 
This  weight  of  au  element  is  called  its  electrochemical  eqniyalent* 

The  quantity  of  electricity  passing  through  a  circuit  when  one  ampere  has 
passed  for  one  second  is  termed  the  catdamb ;  this  charge  when  collected  and 
insulated  repels  a  similar  insulated  charge  at  a  distance  of  1  cm.  with  a  force 
of  one  dyne. 

The  ohm,  or  practical  unit  of  resistance,  is  the  resistance  offered  by  a 
column  of  mercury  106*3  cm.  long  and  of  1  sq.  mm.  cross  section  at  0°  C. 
(The  ultimate  definition  rests  on  mechanical  groimds.) 

The  volt  is  that  electric  pressure  or  potential  difference  which  forces  a 
current  of  1  amp^e  through  a  resistance  of  1  ohm. 

The  specific  resistance  of  a  conductor  is  the  resistance  of  1  cm.  length 
of  cross  section  1  sq.  cm.,  the  specific  condnctiyity  being  the  reciprocal  of  this, 
and  denoted  by  K, 

In  electrochemistry,  we  have  to  deal,  not  so  much  with  the  conductivity 
of  the  solvent  as  with  that  of  the  solute,  therefore  we  require  an  expression 
bringing  into  account  the  amoimt  of  dissolved  substance. 

The  quantities  used  are  : 

(1)  Equivalent  conductivity. 

(2)  Molecular  conductivity. 

The  equivalent  oondnctiyity  is  that  of  a  solution  containing  1  gram-equiva- 
lent of  the  dissolved  substance  when  placed  between  electrodes  of  indefinite 
size  and  1  cm.  apart.    It  is  denoted  by  the  symbol  A. 

The  molecular  condnctiyity  is  that  of  a  solution  containing  1  gram-molecule 
of  the  substance  as  above,  denoted  by  fi. 

The  relation  between  these  derived  functions  and  the  specific  conductivity 
is  fj.'oKv,  where  v  is  the  volume  in  c.c.  containing  1  gram-molecule. 

489 


Digitized  by 


Google 


490  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

In  general,  the  volume  of  solution  between  the  electrodes  will  not  be  v, 
but  something  much  smaller,  so  that  in  a  particular  cell  with  electrodes,  the 
conductivity  will  stand  to  the  specific  conductivity  in  a  definite  ratio  depending 
on  the  capacity  of  the  vessel  and  the  electrodes.  This  ratio  is  the  constant 
of  the  cell  "  c,*'  which  must  be  determined. 

2.  Measurement  of  resistanoe  and  oonduotiyity. — ^There  are  two  methods 
for  determining  these  for  electrolytes. 

(1)  The  Wheatstones  Bridge  method. 

(2)  The  Quadrant  Electrometer  method. 

Method  (1)  is  almost  universally  employed,  and  therefore  described  here. 
The  diagrammatic  arrangement  is  shown  in  Fig.  152. 

D 


FIG.  162. 


a5  is  a  long  uniform  wire  or  set  of  resistance  coils,  R^  a  standard  resistance 
or  box,  2J,  the  cell  containing  the  electrol3rte  (see  below),  and  c  a  sliding  contact 
for  the  battery  terminal  on  the  bridge ;  ff  is  a  galvanometer. 

When  R^:  R^::ac:cb,  there  is  the  same  fall  of  potential  at  a  as  at  6, 
and  no  current  flows  through  the  galvanometer,  so  that 

'      ac 

In  practice,  however,  the  battery  or  cell  and  galvanometer  are  not  suitable 
owing  to  the  polarisation  at  the  electrodes  of  the  electrolytic  cell  when  a 
direct  current  passes  through  the  latter. 

In  place  of  the  battery  or  cell  the  secondary  of  a  small  induction  coil  is 
used,  the  galvanometer  being  replaced  by  a  telephone.  When  the  point  of 
balance  is  obtained,  no  current  passes  through  the  telephone  so  that  silence 
ensues,  or  at  any  rate  a  well-defined  minimum  of  soimd.  The  telephone  and 
coil  are  interchanged  from  the  usually  accepted  positions,  the  coil  being 
connected  to  the  sliding  contact  instead  of  the  telephone,  so  that  the  coil  is 
only  used  when  contact  is  made.  If  the  telephone  were  connected  to  the 
slide,  noises  woiQd  be  produced  when  making  and  breaking  contact.  In  any 
case  the  telephone  must  be  some  distance  from  the  coil. 
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The  bridge  wire  is  a  uniform  wire  1-2  metres  in  length  made  of  constantin 
or  iiidium-platinum  alloy.  A  sliding  contact  is  arranged  to  make  contact 
at  any  point  of  the  wire  and  also  to  indicate  the  reading  of  the  same  by  an 
overlapping  pointer.  For  convenience  sake  the  wire  is  often  arranged  on  a 
rotating  drum,  the  position  of  the  contact  being  read  off  on  a  circular  scale 
at  the  end. 

The  induotion  coil  should  be  small  and  able  to  give  a  high-pitched  note, 
this  being  easily  heard  in  the  telephone.  The  current  through  the  coil  should 
be  regulated  by  a  variable  resistance  to  prevent  undue  noise. 

The  resistance  box  should  be  of  the  ordinary  type  with  wires  coiled  such 
that  their  ends  are  in  contact  with  brass  blocks,  the  coils  being  wound  in 
forward  and  reverse  spirals  to  prevent  the  formation  of  magnetic  fields. 

The  plugs  making  contact  with  the  brass  blocks  when  the  resistance  coils 
are  not  required  in  use  must  be  put  in  firmly  and  screwed  slightly  round ; 


TMZ^        ^ 
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FIO.  153. 

they  shoidd  also  be  kept  free  from  grease  by  wiping  with  a  petroleum  rag  if 
necessary. 

The  cell  (Fig.  153). — Electrolytic  cells  vary  in  size  and  shape.  In  general 
the  resistance  should  be  large  (100  ohms  or  over)  and  the  electrodes  large. 
An  air-tight  cover  is  provided,  without  which  the  cell  is  useless,  as  the  con- 
ductivity water  will  rapidly  absorb  enough  carbon  dioxide  to  increase  its 
conductivity. 

The  vessel  is  of  glass,  steamed  for  some  time  before  use  to  free  from  alkali. 

Various  shapes  are  employed,  but  in  all  cases  it  is  advisable  to  use  large 
platinum  electrodes  and  coat  the  latter  with  finely  divided  platinum  before 
use,  provided  that  no  catalytic  action  is  likely  to  result. 

This  is  done  by  immersing  in  Lummer's  solution  (3  gr.  H^tCl^  in  100  c.c. 
water  with  0-02  gr.  lead  acetate)  after  cleaning  with  dilute  sulphuric  acid  and 
potassium  dichromate,  passing  at  the  same  time  the  current  from  two  accumu- 
lators in  series. 
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The  resistance  is  regulated  so  that  there  is  a  slight  evolution  of  gas  and 
the  direction  of  the  current  is  changed  from  time  to  time.  When  thoroughly 
black  and  velvety  on  the  surface,  remove  the  electrodes  to  a  dilute  sulphuric 
acid  solution,  and  pass  a  current  for  some  time  to  remove  adhering  platinum 
solution.  Wash  in  tepid  water,  changed  frequently,  then  place  them  in  their 
cell  with  distilled  COs-free  water,  and  determine  the  resistance  with  changes 
of  water  till  constant.    Preserve  in  air-free  water  when  not  in  use. 

The  whole  must  be  done  in  a  constant  temperature  enclosure,  as  a  change 
of  one  degree  may  alter  the  resistance  by  2  per  cent. 

Operation. — The  telephone  is  held  to  the  ear  (if  necessary,  the  other  ear 
can  be  plugged  to  keep  out  the  sound  of  the  coil)  and  the  comparison  of  the 
electrolytic  resistance  with  the  known  resistance  is  carried  out  as  usual  by 
the  Wheatstone's  Bridge.  The  standard  resistance  shoidd  be  arranged  so  that 
the  point  at  which  the  telephone  ceases  to  give  any  or  more  than  minimum 
soimd  on  making  contact  with  the  bridge  wire  is  reasonably  near  the  middle 
of  the  bridge.  Hence  the  adjustable  resistance  will  be  fairly  large ;  perhaps 
several  thousand  ohms. 

The  point  of  contact  must  be  determined  several  times  approaching  from 
either  side,  the  mean  reading  of  at  least  ten  trials  being  taken. 

Avoid  an  indefinite  minimum  by 

(1)  Short  circuiting  the  coil  by  means  of  a  fine  wire. 

(2)  Inserting  a  condenser  in  parallel  either  with  the  cell  or  the  resistance 

box. 

(3)  Beplatinising  the  electrodes  if  necessary. 
Eesults  should  agree  to  within  0-5  per  cent. 

3.  Determination  of  the  constant  of  a  celL — ^As  mentioned  above,  the  con- 
stant of  the  cell  is  determined  by  finding  the  resistance,  and  therefore  the 
conductivity  of  a  solution  of  which  the  specific  conductivity  is  known. 

If  for  two  liquids  of  specific  conductivity  k  and  ki  the  resistances  in  the 
same  cell  were  w  and  coj  respectively,  then  cok^wiKi^^Ci  the  constant. 

C  is  here  numerically  equal  to  the  specific  conductivity  of  a  solution 

which  in  the  given  vessel  would  have  a  resistance  of  1  ohm.    The  most  con- 

N 
venient  standard  liquid  to  use  is  —  KCl,  the  conductivity  of  which  has  been 

accurately  determined  by  Kohlrausch,  Holborn  and  Diesselhorst,  and  is  given 
below. 


Temp. 

K 

Temp 

K 

Temp. 

K 

10^  C 

0001994 

17°  C 

0002345 

24°  C 

0002712 

11 

2043 

18 

2397 

26 

2765 

12 

2093 

19 

2449 

26 

2819 

13 

2142 

20 

2501 

27 

2873 

14 

2193 

21 

2553 

28 

2927 

16 

2243 

22 

2606 

29 

2981 

16 

2294 

23 

2659 

1   30 

3036 

This  solution  is  accurately  made  up,  using  "  conductivity  water  "  (see 
below)  and  the  purest  obtainable  salt.     The  electrodes  are  rinsed  with  some 
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of  the  solution  and  introduced  into  the  cell  containing  sufficient  of  the  solution 
to  cover  them  well.  The  whole  is  then  placed  in  a  thermostat.  The  resistance 
is  then  determined  as  already  described. 

If  at  balance  R:  oo::  x:  y  (x  and  y  being  the  wire  lengths)  then 

Ry 

and  K  (from  the  table)     =  specific  conductivity, 
^C^Cx 
(o^Ry 
Hence  C=kod 

^KRy 

X 

Preparation  of  oondnctiyity  water.'*' — Fit  up  an  apparatus  consisting  of 
(1)  a  steam  boiler  in  which  steam  is  generated  from  distilled  water  and  bubbled 
into  (2)  a  flask  containing  some  dilute  permanganate  and  sulphuric  acid. 
This  also  is  kept  boiling  and  the  steam  from  it  is  bubbled  into  (3)  dilute  caustic 
soda  solution  boiling  in  another  flask.  The  steam  from  this  is  condensed 
in  a  tin  condenser  and  collected  in  a  thoroughly-steamed  Jena  glass  flask. 
It  should  not  be  kept  long,  or  exposed  to  the  air  at  all,  as  CO2,  or  alkali  from 
the  glass,  etc.,  will  be  dissolved  and  increase  the  conductivity. 

The  first  and  last  quarters  of  the  distillate  above  should  in  any  case  be 
rejected. 

4.  Determiiiation  of  the  eqnivalent  or  molecular  conductiyity  of  electrolsrtes. 
— Make  a  normal  solution  of  the  required  electrol3rte  in  conductivity  water. 
Accurately  adjust  the  strength  by  titration  if  necessary.  Set  it  in  a  Jena  glass 
flask  with  a  stopper,  in  the  thermostat  at  the  required  temperature  (18®  or  25** 
usually).  Also  place  in  the  same  thermostat  a  stoppered  flask  of  conductivity 
water. 

Clean  the  conductivity  cell,  wash  both  it  and  the  electrodes  with  con- 
ductivity water,  and  dry  in  the  steam  oven. 

Measure  the  conductivity  of  20  c.cs.  of  the  prepared  solution,  first  allowing 
the  whole  apparatus  to  attain  the  temperature  of  the  thermostat  and  removing 
any  bubbles  which  may  adhere  to  the  electrodes.  (Take  the  mean  of  10 
readings.) 

To  dilute  the  solution  to  half  strength,  remove  10  c.cs.  by  means  of  a 
toithdrawal  pipette,  and  put  in  10  c.cs.  of  conductivity  water  by  means  of 
a  delivery  pipette.    Altvays  remember  this  precaution. 

Expose  the  solution  to  the  air  as  little  as  possible  during  the  determina- 
tions, which  will  otherwise  be  useless  as  the  solution  becomes  very  dilute. 

N 
Continue  until  a  dilution  of    ^-^  is  reached. 

It  is  then  advisable  to  perform  a  fresh  series  of  experiments  to  eliminate 
errors  due  to  dilution. 

I  (a)  To  show  that  the  equivalent  or  molecular  conductivity  increases  to  a 
maximum  toith  the  dilution, — If  v  is  the  volume  in  c.cs.  of  solution  containing 

♦  See  also  Bourdillon,  J.C.S,  1913,  791. 


Digitized  by 


Google 


494  TEXT-BOOK  OF  PRACTICAL  CHEMISTRY 

one  gm.-equivalent  of  the  electroljrte  and  k  the  specific  conductivity,  then  the 
equivalent  conductivity,  A,  is  given  by 

A  =  Kt?. 

Similarly  the  molecular  conductivity  fJL  is  given  by 

(v  in  this  case  being  the  volume  in  c.cs.  containing  one  gm.-molecule.) 

It  will  be  found  that  on  dilution  the  molecular  (or  equivalent)  conductivity 

increases  to  a  maximum,  further  dilution  having  no  effect. 
Suitable  electrolytes  to  use  for  this  experiment  are  : 
Hydrochloric  acid,  sodium  hydroxide  (dissolve  sodium  in  conductivity 

water  in  an  atmosphere  free  from  carbon  dioxide),  sodium  chloride  and 

strongly  dissociated  electrolytes  generally. 

HCl  at  18^  NaCl  ai  18^ 

V  flV  V  /JLV 

1000  278  1000  74-4 

10,000  324  10,000  92-6 

100,000  342  100,000  102-8 

600.000  346  1.000,000  107-8 

(6)  OstwaU^s  dihUian  law. — The  law  according  to  which  the  conductivity 
of  an  electrolyte  thus  increases  to  a  maximum  follows  by  applying  the  Mass 
Law  to  ionisation. 

li  AB  ~ — *"  4  + jB",  and  if  at  equilibrium  the  degree  of  ionisation  is  a, 
and  the  dilution  «,  it  follows  at  once  that 

1-a     a     a 

K ="-x-, 

V         V      V 
a* 
or  T2 r-=^  (a  constant). 

(l-a)v 

This  constant  is  the  "  ionisation  constant "  of  the  electrolyte.  In  the 
case  of  acids  or  bases  it  gives  a  measure  of  their  "  strengths  "  or  "  avidities," 
thus : 

Solving  the  above  equation  for  a  we  have  a=>^/Kv  if  o  is  small  (weak 
acids  and  bases).    Then  for  two  acids  (or  bases)  at  the  same  dilution 


a        IK 


\  2 

In  the  experiment, a  =  -*'-  or  —  so  K=  — ; — -     — 

The  values  of  K  for  several  acids  are  given  in  the  following  table  : 

Adds.  100  E  at  25^ 

Acetic 00018 

Chloracetic     ....  0-166 

Dichloracetio  ....  6-14 

Trichloracetio          ...  121 

Benzoic 0006 

Basee. 

Ammonia       ....  00023 

Methylamine  ....  0060 

Trimethylamine      -        -        -  00074 
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From  the  table  it'  can  thus  be  calculated  that  in  equimolar  solutions  of 
acetic  and  of  monochloracetic  acids  the  ratio  of  hydrion  concentration  is  1 :  9*3. 

It  should  be  stated  that  Ostwald's  dilution  law  does  not  hold  for  salts  or 
for  strongly  jonised  acids  and  bases.  Any  of  the  above  substances  may  be 
used  to  prove  the  law. 

Yan't  Hofi  proposed  an  empirical  law  for  highly  ionised  electrolytes, 

Determine  the  conductivities  of  any  of  the  above  acids  or  bases  at  several 
different  dilutions.  Look  up  X^  or  /x^  from  a  table,  as  these  are  not  foimd 
by  experiment,  the  dilution  being  so  great  for  weak  electrolytes  that  the  error 
becomes  greater  than  the  quantity  being  determined. 

Satatanoe.  A^  at  2S^ 

Aoetio  acid         ....  352 

Chloracetic  acid         ....  360 
Dichloracetio  acid       .        .        .       •      358 

Trichloraoetic  acid                       -  356 

Benzoic  acid       ....  381 

Ammoninm  hydroxide        -        •  244 

Methylamine      ....  232 

5.  Detenninaiion  of  ihe  basicity  of  acids. — Ostwald  found  that  the  sodium 
salts  of  weak  adds  (organic  acids)  show  a  curious  conductivity  property,  viz. 
that  Ajjjj^  -  Xgj  =  1  OB,     (B  =  basicity  of  acid.) 

This  may  be  utilised  for  finding  the  basicity  of  acids. 

N 
Make  a  ^  solution  of  the  sodium  salt  of  benzoic,  tartaric,  citric,  etc., 

acid ;  it  is  obtained  free  from  CO,  by  putting  in  a  100  c.c.  flask  the  exact 

quantity  of  caustic  soda  solution  (prepared  by  sodium  in  a  COj-free  atmosphere 

N 
acting  on  conductivity  water)  that  wjll  make  a  ^  solution  when  diluted  to 

oZ 

the  mark.    To  this  solution,  after  introducing  a  drop  of  phenolphthalein, 

add  a  pure  solution  of  the  add  in  conductivity  water  until  the  colour  of  the 

indicator  is  just  completely  discharged,  leaving  no  free  alkali  present. 

Dilute  to  the  mark  with  conductivity  water  and  carry  out  determinations 

N 
of  the  conductivity,  hence  the  equivalent  conductivity,  at  dilutions  ^  and 

oZ 

N 
j^rs2  exactly  as  described  for  acetic  add. 

6.  SdnbHity  of  almost  insoluble  salts.— This  may  be  determined  from  a 
knowledge  of  the  value  of  fi^  for  the  salt  at  a  certain  temperature,  deduced 
from  the  sum  of  the  ionic  conductivities  of  the  ions  of  the  salt.    (See  p.  500.) 

Since  the  salt  {e.g.  BaS04,  Agl,  etc.)  is  almost  insoluble,  the  solution  is  so 
dilute  that  fi^  at  dilution  i;  may  be  taken  as  equal  to  /x^  itself. 

So  /*oo=M»  =  '^^» 

i;  being  the  number  of  c.cs.  containing  1  gram-molecule  of  salt. 
Hence  i;  is  calculated  when  k  is  foimd. 
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Shake  the  pure  substance  a  number  of  times  with  conductiyity  water, 
allowing  to  settle  each  time  and  pouring  off  the  clear  liquid.  Finally  shake 
with  a  fresh  quantity  of  conductivity  water  and  find  the  conductivity  of  the 
turbid  liquid,  deducting  that  of  the  toater. 

The  following  table  gives  the  solubility  and  the  molecular  conductivity 
of  saturated  solutions  of  a  few  common  ^'  insoluble  substances,''  at  18^  C. 


SolubUity  in 

i 

ID* 

Sobstanoe. 

miUlfframa  per 

mL 

Aga 

1-7 

120 

AgBr 

0-4 

122 

Agl 

01 

121 

SrSO^ 

107 

238 

BaSO^ 

2-6 

246 

7.  Detemimation  of  electh>oliemical  eanivalents. — The  electrochemical 
equivalent  of  an  element  or  radical  is  the  weight  of  it  which  is  deposited  from 
solution  by  one  coulomb  of  electricity. 

The  determination  is  carried  out  by  electrolysing  a  suitable  salt  of  the 
ion  and  weighing  or  measuring  the  quantity  liberated  by  a  known  current 
in  a  known  time. 

The  current  is  measured  either  by  including  an  ammeter  in  the  circuit 
or  (best)  by  means  of  a  silver  or  a  hydrogen  voltameter.  The  latter  method 
of  course  involves  the  assumption  of  the  electrochemical  equivalent  of  silver 
or  hydrogen. 

The  apparatus  is  that  described  in  Book  III.,  p.  223,  Figs.  50  and  51. 
Suitable  solutions  for  use  are : 

For  Copper.     Copper  sulphate  crystals  -  150  gms. 

Pure  sulphuric  acid     -  -  5  c.cs. 

Water  to     -        -        -  -  1  litre. 

For  Silver.       Silver  nitrate       -        -  -  10  gms. 

Water  to     -        -        -  -  100  c.cs. 

The  anode  should  in  each  case  consist  of  a  plate  or  stout  wire  coil  of  the 
metal  which  is  being  deposited,  and  it  should  preferably  be  enclosed  in  a 
muslin  bag  to  prevent  small  fragments  falling  into  the  basin  which  acts  as 
cathode. 

The  electrochemical  equivalent  of  an  ion  is  given  by 
chemical  equivalent 
96;540        ~ 
for  96,540  coulombs  liberate  the  equivalent  weight. 
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CHAPTER  XI. 

EUHnSOOHEMISTBT—EINETICS. 

1.  Transport  nnmben  of  ihe  ions. — ^For  the  full  theory  and  deductions  of 
relations  between  the  relative  speeds  of  the  ions  and  conductivity  constants 
the  student  is  referred  to  the  theoretical  text-books. 

Briefly,  however,  when  a  current  is  passed  through  the  solution  of  a  salt 
and  electrolysis  occurs,  though  the  quantities  of  liberated  elements  at  the 
two  electrodes  are  strictly  equivalent,  yet  the  concentrations  of  the  salt 
around  those  electrodes  are  found  in  general  to  have  changed  to  different 
extents. 

Hittorf  explained  this  by  stating  that  the  ions  move  at  different "  migration 
velocities.**  The  student  can  demonstrate  this  diagrammatically.  We  see 
that 

Fall  in  concentration  round  anode        Rate  of  cation 
Fall  in  concentration  round  cathode    Rate  of  anion  * 

If  u  be  the  velocity  of  the  cation, 

and  V      „  „  „    anion, 

then is  the  quantity  of  electricity  carried  by  the  cation  compared  with 

carried  by  the  anion. 

These  fractions,  sometimes  expressed  as  percentage  values,  are  termed 
the  '*  transport  numbers  "  of  the  ions,  and  may  be  determined  by  passing  a 
measured  quantity  of  electricity  through  a  solution  of  known  concentration 
and  finding  the  change  in  concentration  occurring  at  one  of  the  electrodes. 

n 

Determination  of  the  tramiport  number  for  silver  in  &  05  solution  of  silver 

nitrate. — This  experiment  consists  of  two  parts  carried  out  simultaneously. 

1.  Determination  of  the  total  quantity  of  electricity  passing  through  the 
cell.  \ 

2.  Determination  of  the  change  of  concentration  in  an  electrol]^  cell. 

(1)  Measurement  of  qnantitsr  of  elaetrieitsr  paning. — This  is  done  by  means 
of  a  titration  voltameter,  i.e.  a  voltameter,  in  which  the  amount  of  chemical 
change  to  which  the  electric  quantity  is  proportional,  is  determined  volu- 
metrically,  for  when  the  current  is  very  small  the  deposits  produced  in  silver 
or  copper  voltameters  are  not  easily  weighed  with  accuracy. 
32  497 
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A  conyenient  form  is  as  follows,  depending  on  the  solution  of  silver  from 
the  positive  pole  in  the  electrolysis  of  a  nitrate  solution. 

The  tube  t  shown  in  Fig.  154  is  filled  to  the  level,  a,  with  a  strong  solution 
of  potassium  nitrate ;  the  anode  n  consists  of  a  silver  wire  protected  where 
it  passes  through  the  solution  by  a  glass-tube  into  which  it  is  sealed  by  Chat- 
terton's  compound. 

Before  being  inserted,  the  surface  of  the  silver  electrode  must  be  freshly 
covered  with  fine  silver  electrolytically  (see  below). 

N 
Above  the  KNO,  solution  at  a,  a  layer  of  ^  nitric  acid  is  poured  in  care- 

fully,  and  in  it  hangs  a  negative  electrode  of  platinum  wire  (m). 

The  current  to  be  used  may  be  as  much  as  '03  ampere  per  square  cm.  of 
anode. 

When  the  current  passes,  silver  goes  into  solution,  one  gram-equivalent 
(108  grams)  of  silver  corresponding  to  the  passage  of  96,540  coulombs. 

After  the  current  has  passed  for  the  requisite  time  the  whole  solution 
is  run  off  into  a  flask,  the  apparatus  rinsed  out  with  distilled  water,  and  the 
silver  that  has  dissolved  is  titrated  by  means  of  standard  anmionium  thio- 
cyanate  solution,  using  ferric  alum  as  an  indicator  (Volhard's  method,  q.v, 
in  Volumetric  Analysis,  Book  III.,  p.  243). 

(2)  Determination  of  the  change  of  oonoentration  in  the  eleotrolytie  oaD 
(Bf  Fig.  154). — The  anode  6  is  a  silver  wire  arranged  as  in  the  titration  volta- 
meter, and  silvered  before  use. 

To  silver  this  and  the  electrode  of  the  titration  voltameter  simultaneously, 
prepare  a  solution  of  the  double  cyanide  of  potassium  and  silver  (by  adding 
ECNaq.  to  AgCNaq  until  the  precipitate  ju^t  dissolves),  and,  using  a  platinum 
wire  as  an  anode  and  the  sUver  ends  connected  with  one  another  as  the 
cathode  in  the  above  solution,  pass  a  current  of  0*1  ampere  for  ten  minutes. 
Wash  carefully  and  keep  in  water  till  required  for  use. 

N  " 
The  anode  Uquid  is  a  ^  solution  of  AgNO,  prepared  by  weighing  2*125 
20 

gr.  pure  silver  nitrate  solution  in  250  grams  water. 

By  using  a  portion  of  this  solution,  the  exact  strength  of  a  potassium 
thiocyanate  solution  (about  4  gm.  per  litre)  should  be  determined. 

The  cathode  (c)  is  a  cleaned  copper  wire,  the  cathode  liquid  being  a  strong 
solution  of  copper  nitrate,  the  use  of  this  avoiding  any  formation  of  gas  on 
electrolysis. 

The  cell  is  shown  at  B,  Fig.  154. 

When  the  electrodes  have  been  fixed  in  position,  introduce  into  the 
cathode  side  a  saturated  solution  of  copper  nitrate  acidified  with  nitric  add, 
to  a  depth  of  about  5  cms. 

The  silver  nitrate  solution  is  made  up  by  vmght  (2-125  gms.  of  AgNO, 

in  250  gms.  of  water).    It  is  added  carefully  from  a  pipette  to  avoid  mixing 

with  the  copper  nitrate,  till  level  with  the  cross-tube.    Then  fill  the  anode 

side  with  the  silver  solution  to  the  level  indicated  in  the  figure.    Sufficient 

N 
silver  solution  should  remain  to  ascertain  its  titre  with  57;  thiocyanate. 
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Now  connect  up  the  apparatus,  arranging  it  so  that  a  current  of  about 
•01  amp.  will  pass  for  about  two  hours.  The  ammeter  A  may  be  switched 
out  by  S  when  the  current  strength  has  been  adjusted  by  means  of  the  adjust- 
able resistance  R. 

Whilst  the  current  is  passing  : 

N 
(i)  Titrate  a  tveighed  portion  of  the  silver  nitrate  solution  with  ^  thio- 

cyanate. 

(ii)  Weigh  two  beakers  for  titrating  the  contents  of  the  transport  apparatus. 


FIO.  154. 

After  the  current  has  been  stopped,  pipette  out  and  weigh  a  small  quantity 
of  the  solution  in  the  cross-tube  at  a;  to  ascertain  that  tbr'  concentration 
there  has  not  altered.     (Titrate  it.) 

Now  run  about  three-quarters  of  the  solution  in  the  anode  side  b  of  the 
transport  tube  into  the  weighed  beaker,  weigh  it  and  determine  its  silver  con- 
tent by  means  of  the  thiocyanate. 

Calculate  how  much  silver  was  originally  present  in  this  toeighed  quantity 
of  solution,  and  hence  find  the  increase  owing  to  silver  dissolved  off  the 
anode — m  grams  say. 

Determine  also  the  silver  in  the  whole  contents  of  the  titration  voltameter — 
p  grams  say. 

This  amount  must  also  have  dissolved  at  the  anode  in  the  transport  tube. 

.*.  p-m  grams  have  migrated  away  to  the  cathode  side. 
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Hence  - —  represents  the  migration  or  transport  number  of  the  silver  ion. 

This  value  should  be  047. 

It  follows  that  —  is  the  transport  number  of  the  nitranion  NOs.    This 

value  should  be  0'53. 

Other  transport  numbers  may  be  determined  by  more  or  less  similar 
methods,  though  different  metals  may  be  necessary  for  the  cathode.  Methods 
of  titration  wUl  suggest  themselves  for  the  concentrations  of  such  ions  as 
chlorine,  bromine,  etc.  (use  of  standard  silver  solutions). 

Remember  that  the  solutions  and  titrations  must  be  by  weighty  for  obvious 
reasons. 

2.  Abwdnte  velooitsr  of  ihe  ions,  (a)  Deduction  from  conductivity  and 
transport  numbers, — The  con^ductivity  is  made  up  of  the  sum  of  the  ionic 
conductivities. 

If  a;  is  the  degree  of  ionisation  of  a  salt,  then,  there  being  x  equivalents  of 
the  anion  and  of  the  cation  present,  and  96540  coulombs  being  the  charge 
on  each  gram-equivalent  of  ions, 

A=»96540a?(u+v), 

if  u  and  i;  are  the  ionic  velocities  respectively,  the  ionic  conductivities  being 
proportional  to  these  velocities. 

Now  A=iA^  +  X^, 

where  \  and  A„  are  the  ionic  conductivities,  and 

A.^-96540a?tt, 

X^= 96540a?!?, 
so  that  K  =  ^r^  and  X^ = AT^, 

where  T^  and  T^  are  the  transport  numbers. 


a 


B 


^ 


to 


FIO.  155. 


From  the  above  expressions  the  actual  velocities  can  be  calculated  from 
the  degree  of  ionisation  if  the  latter  is  known.  Several  methods  of  finding 
this  have  already  been  indicated. 

(5)  AbsohUe  methods, — The  student  is  referred  to  the  methods  of  Lodge 
{Brit,  Ass.  Report,  1886,  393,  and  1887,  389) ;  Whetham  {PhU,  Trans,,  1898, 
A.  337)  and  others,  which  wiU  be  found  in  most  theoretical  text-books,  a  dis- 
cussion of  which  is  prevented  here  by  considerations  of  space. 
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The  principle  of  these  methods  lies  in  the  determination  of  the  rate  at 
which  a  coloured  ion,  or  the  change  of  colour  of  an  indicator,  moves  along  a 
tube  of  solution  or  of  jelly  solution. 

Lodge's  apparatus  may  be  set  up  as  shown  in  Fig.  155.  A  and  G  are  the 
anode  and  cathode,  fi  is  a  glass  tube  about  40  cms.  long  filled  with  a  1-2  % 
solution  of  agar-agar  containing  a  suitable  electrolyte,  and  if  necessary  an 
indicator. 

a  and  c  are  the  solutions  containing  the  ion  or  ions  of  which  the  speeds  are 
required. 

A  voltmeter  to  measure  the  applied  P.D.  should  be  included. 

Suitable  solutions  to  use  are : 

(i)  FcrvelooUiesofWandOH'— 

B  contains  dilute  Na|S04  solution  to  which  a  little  phenol-phthalein 

has  been  added.    The  left  half  of  this  has  been  coloured  pink 

by  a  trace  of  alkali. 
a  contains  dilute  H^O^, 
e  contains  dilute  NaOH. 

(ii)  For  vdooUy  of  Gw — 

B,  Dilute  sulphuric  acid  or  sodium  sulphate, 
a,  Copper  sulphate  solution  (concentrated), 
c,  Dilute  sulphuric  add. 

(iii)  For  velocity  of  Ag* — 

B^  Dilute  sodium  chloride. 

a,  Silver  nitrate. 

c,  Dilute  hydrochloric  add. 

Other  solutions  to  use  will  readily  suggest  themselves  to  the  student. 
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CHAPTER  XII. 

CHEmCAL  EINEnCIS. 

The  law  of  Mass  Action  states  that  the  rate  of  chemical  change  is  proportional 
to  the  molecular  concentrations  or  "  active  masses  "  of  the  reacting  bodies. 

The  simplest  case  is  that  of  the  decomposition  of  a  single. body  (or  the 
reaction  of  a  body  with  another  which  is  present  in  such  great  relative  quantity 
that  its  active  mass  does  not  sensibly  change  during  the  experiment,  e.g, 
the  case  of  the  saponification  of  an  ester  by  a  large  amount  of  water). 

Such  a  reaction  is  expressed  by  a  generic  equation 

AB^'A  +  B. 

Let  A  be  the  active  mass  of  ^  J?  at  the  start,  and  let  z  be  the  amount 

dx 
changed  at  time  t.    Then  as  the  rate  of  reaction  ^  at  time  t  is  proportional 


to  A-x,  we  have 
where  jEC  is  a  constant,  or 
Integrating  we  have 


J-ir(4-) 


dx       «., 
— if*. 


A'X 
C-log(4-a?)«ir< 


where  C  is  some  constant. 

When  t-0,  a?-0.  /.  C'^logA. 


Hence 


1   1  ^  IT 


This  equation  must  hold  good  for  monomolecular  reactions. 
In  the  case  of  bimolecular  reactions 

Ax-hBy^Bx  +  Ay 

the  rate  depends  on  ttoo  reacting  bodies.     - 

If  A  and  B  be  the  initial  active  masses  present,  and  x  mols.  of  each  be 
changed  at  time  t,  then 

^^K{A-x){B-x), 
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The  simplest  case  is  when  the  sabstances  are  initially  present  in  equivalent 
quantities.    The  above  expression  then  becomes 

dx         


On  integrating  we  have 


1 


+  C-X<. 


If  <-0  then  aj=0,  and  (?=>-., 

A 

"t'A(A^x) 
This  equation  must  hold  good  in  the  case  of  a  bimolecukr  reaction. 

In  many  cases  a  reaction  works  out,  on  testing  the  expressions  given  by 
integration,  to  be  of  an  order  different  from  that  expected  from  the  equation, 
hence  valuable  information  may  be  gained  regarding  the  steps  in  a  chemical 
process  and  the  theory  of  such  a  process. 

One  of  the  best  examples  to  try  experimentally  is  the 

1.  Determination  of  the  rate  of  hydrolyiii  of  an  ester  by  a  dilate  add. — 
Hydrolysis  of  methyl  aceUUe, — The  hydrolysis  of  an  ester  by  water  is  very 
slow  but  in  the  presence  of  dilute  acids  proceeds  rapidly.  The  extent  to 
which  the  reaction  has  occurred  can  be  determined  by  finding  the  amount 
of  add  in  solution  over  and  above  that  added  to  bring  about  hydrolysis,  for 
we  see  from  the  equation 

CH3COOCH, + H,0  -  CHjCOOH  +  CH3OH, 
that  acetic  acid  is  formed  progressively. 

This  reaction  appears  monomolecular  owing  to  the  constant  active  mass 
of  the  water  reacting,  and  its  rate  depends  on  the  amount  of  ester  present  at 
any  moment. 

Broadly,  then,  it  is  necessary  to  mix  some  of  the  ester  with  a  known 
volume  of  add  of  known  strength,  to  keep  the  whole  at  a  constant  temperature 
and  to  determine  at  intervals  the  total  addity  of  aliquot  parts  of  the  solution 
by  titration  with  baryta  Water,  using  phenol-phthalein  as  an  indicator.  If 
the  adds  are  semi-normal  and  the  experiment  is  carried  out  at  25°  C,  the 
reaction  proceeds  at  a  convenient  rate  and  lasts  for  two  or  three  days  in  all. 

Apparatus  and  materials  required — 

1.  A  thermostat  adjusted  to  25°  C. 

2.  Vessels  for  holding  the  solutions,  e.g,  conical  flasks  of  not  more  than 
100  o.c.  capadty,  fitted  with  paraffined  corks. 

(To  paraffin  a  cork,  melt  paraffin  in  a  dish,  spike  the  cork  on  a  thin  wire 
and  hold  it  under  the  paraffin  for  a  few  minutes.) 

3.  The  vessels  should  be  steamed  before  use  to  minimise  the  action  of 
water  upon  them.  They  can  be  kept  in  their  places  on  the  shelf  of  the  ther- 
mostat by  means  of  pieces  of  lead-sheet  cut  and  folded  as  in  Fig.  156. 

4.  Semi-normal  solutions  of  the  acid  to  be  used,  e.g,  HCl,  H1SO4.  Their 
exact  strengths  should  be  determined  with  reference  to  a  solution  of  baryta 
preserved  in  a  bottle  directly  attached  to  the  burette  from  which  it  is  to  be 
delivered  (Book  III.,  p.  235). 
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It  is  best  to  standardise  the  baryta  against  a  solution  of  potassium  quad- 
droxalate  (EH3(C00)4 .  2H,0,  8  grams  to  the  litre),  using  phenol-phthBdein 
as  indicator. 

Experiment. — ^When  all  the  solutions  are  ready,  place  the  acid  solution 
and  a  small  tube  containing  methyl  acetate,  also  the  conical  flasks  to  be  used, 
in  the  thermostat  to  acquire  the  right  temperature. 

Place  in  one  of  the  flasks  80  c.c.  of  acid  solution  and  a  weighed  quantity 
(about  4  CCS.)  of  methyl  acetate ;  shake  well. 

As  soon  as  possible  take  out  2  c.c.  by  means  of  a  small  pipette,  run  it  into 
some  CO,-free  water  to  check  the  reaction,  and  determine  the  total  acidity, 
noting  the  exact  time  at  which  the  dilution  takes  place  as  the  starting  point 
of  the  experiment. 


C 


) 


^y 


FlO.  156. 


At  intervals,  repeat  determinations,  the  intervals  being  short  at  first — say 
20  minutes  to  half  an  hour,  and  longer  afterwards  as  the  rate  slackens.  Leave 
about  10  c.c.  in  the  thermostat  for  two  days  or  so  to  get  the  final  state  of  the 
system. 

CahuUuion, — ^Let  A  be  the  number  of  c.cs.  of  baryta  required  at  the  end 
of  the  reaction  when  all  the  ester  is  hydrolysed,  m^  at  the  beginning  before 
hydrolysis  has  occurred,  a^  after  t  minutes. 

Then  initial  concentration  of  methyl  acetate  is  measured  hy  A- a^. 

Concentration  at  time  t  is  measured  by  ^  -a| ; 

K~{\og{A-a,)-\o%(A~a,))-\. 

Thus  show  that  the  reaction  is  monomolecular,  and  find  the  constant.  Then 
determine  £,  using  other  acids  of  similar  concentration  and  so  compare  their 
"  strengths  "  or  "  avidities:' 

2.  Ezeroises. — 1.  Determine  the  order  of  reaction  of  the  action  of  hydrogen 
iodide  and  hydrogen  peroxide.    (Titrate  rapidly  with  thiosulphate  and  starch.) 

2.  Determine  the  influence  of  ferrous  sulphate  on  the  rate  of  reaction  of 
hydrogen  peroxide  and  hydrogen  iodide,  and  draw  a  curve  showing  the 
values  of  K  resulting  from  different  quantities  of  ferrous  sulphate. 
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(Use  minute  quantities  of  FeS04,  detennine  the  initial  strengths  of  all 
substances  separately  by  standard  permanganate,  and  the  iodine  liberated  in 
the  reaction  by  thiosolphate  and 
starch. 

3.  Determination  of  the  rate  of 
oooludon  of  hydrogen  by  paUadimn. 
— Clean,  dry  and  heat  a  smaU  piece 
of  rolled  palladium  foil  in  a  current 
of  hydrogen,  then  in  vacuo. 

When  pure,  seal  in  a  thin  tube 
in  vdouo  and  insert  in  a  larger 
horizontal  tube  C  in  which  a  glass 
striker  has  been  placed.  The  wide 
tube  is  drawn  out  and  sealed  to  a 
long  narrow  tube  Z>,  31  inches  long, 
bent  at  right  angles  to  dip  with  its 
free  end  under  a  mercury  surface. 
The  whole  tube  GD  is  now  filled 
with  pure  hydrogen,  the  end  of 
the  long  tube  sealed,  and  the  whole 
apparatus  set  up  (Kg.  157). 

Break  off  the  tip  of  the  tube 
under  the  mercury  surface,  and 
carefully  break  the  palladium  tube 
by  tilting  the  apparatus  so  that  the 
glass  stnJker  smashes  it. 

Note  the  initial  pressure  then 
obtained  and  the  time.  Draw  a 
curve  showing  pressure  against 
time. 


X 

o 


FIO.  167. 


4.  Ckxmpare  the  "  avidities  "  of  sulphuric  and  hydroohlorio  aoidi  by  the 

rates  at  which  they  invert  cane  sugar.    See  p.  487. 
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CHAPTER  XIII. 

THE  PHASE  RULE. 

Transition  temperatures. — ^Many  crystalline  substances  are  stable  in  one 
form  below  a  certain  temperature,  and  in  another  form  above  it.  The  tem- 
perature at  which  this  change  occurs  under  ordinary  pressure  is  termed  the 
'"  transition  point.'*  Under  these  conditions,  a  discontinuity  often  occurs  in 
some  physical  property  of  the  substance ;  this  discontinuity  may  be  utilised 
for  determining  the  transition  point. 

Of  the  various  methods  available,  the  principal  ones  are 

(1)  Dilatometric  methods. 

(2)  Solubility  methods. 

(3)  Thermometric  methods. 

(4)  Electrical  methods. 

(5)  Optical  or  other  methods. 

However  any  physical  change  which  occurs  at  the  transition  point  will  afford 
a  method. 

(1)  Dilatometrio  method. — This  method  utilises  the  change  in  volume  of 
a  substance  due  to  change  in  temperature,  and  determines  the  transition 
point  by  obtaining  the  temperature  at  which  a  discontinuity  or  change  occurs 
in  the  rate  of  volume-change. 

Apparatiis, — The  dilatometer  consists  essentially  of  a  bulb  A  of  about 
50  c.c,  capacity  to  which  is  fixed  a  long  capillary  tube  B  provided  with  or  placed 
in  front  of  a  millimetre  scale. 

'Method. — Through  C,  the  open  end  of  -4,  introduce  dry  crystals  of  the 
substance  (e.g.  Glauber's  salt)  until  A  is  nearly  full.  Push  away  the  crystak 
from  the  immediate  neighbourhood  of  C  and  seal  off  the  latter. 

To  make  a  determination  it  is  necessary  to  introduce  a  liquid  such  as 
petroleum  oil  in  order  to  fill  the  spaces  between  the  crystals  and  extend 
into  the  capillary  ;  this  liquid  must  not  have  any  action  on  the  salt  employed. 

To  fill  with  petroleum,  another  tube  D,  as  shown  in  Fig.  158,  is  attached . 
to  the  open  end  of  By  the  latter  being  placed  vertically.    Corked  on  to  the 
top  of  D  is  a  T-piece  tube,  E,  connected  at  F  with  a  filter-pump,  and  through 
the  side  arm  0  to  the  air,  the  latter  being  clipped  when  necessary  with  the 
aid  of  a  piece  of  pressure  tubing  and  a  clip. 

Introduce  a  few  c.c.  of  petroleum  into  D,  cork,  dose  the  clip,  and  exert 
suction  by  means  of  the  pump.  Then  open  the  clip  to  introduce  air ;  the 
latter  forces  the  petroleum  down  B  into  A  to  take  the  place  of  the  air  sucked 
out. 
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Repeat,  and  finally  arrange  that  the  level  of  the  petroleum  stands  in  the 
capillary  near  to  Ay  after  eliminating  any  air-locks,  etc. 

Now  place  the  bulb  Aind^  bath  of  water  and  heat  very  slowly,  noting  the 
readings  of  the  meniscus  at  every  degree  rise  in  temperature. 

Draw  a  graph  and  note  the  point  A  (Fig.  159)  at  which  the  rate  of  change 
of  volume  alters  temporarily.  After  it  has  settled  down  again  to  a  steady 
rate,  allow  to  cool  and  note  the  reverse  readings,  making  a  determination  of 
the  temperature  corresponding  to  point  B  wiiere  the  rate  of  volume  change 
alters  again. 
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FIG.  168. 

The  mean  of  A  and  B  will  give  the  transition  point,  a  slight "  lag  "  having 
taken  place  in  both  cases.  The  result  for  Glauber's  salt  is  about  33^  C,  at 
which  temperature  the  decahydrate  and  anhydrous  salt  are  in  equilibrium. 

(2)  Sdnbility  method. — AU  that  is  necessary  in  this  case  is  to  make  solu- 
bility determinations  at  different  temperatures  for  the  two  modifications. 

Method, — Supposing  sodium  sulphate  be  used,  determine  the  solubility 
by  the  direct  method  as  already  described  in  a  previous  chapter  at  20^  C, 
26°  C,  30^,  36^  40^  46^  and  draw  the  curve. 

It  will  be  noticed  that  the  curve  for  the  first  three  readings  does  not 
coincide  with  that  for  the  others,  but  that  the  two  curves,  if  interpolated, 
will  cross.  This  indicates  that  at  the  transition  point,  the  solubilities  of  the 
decahydrate  and  anhydrous  salt  are  similar,  but  that  at  all  other  temperatures, 
if  they  could  both  exist,  the  solubility  of  the  imstable  phase  would  always  be 
higher  than  that  of  the  stable  phase. 

After  making  a  rough  determination,  a  more  careful  set  of  readings  should 
be  taken  in  the  neighbourhood  of  the  point,  it  being  ensured  that  at  tem- 
peratures near  the  transition  point  no  unstable  phase  exists.    The  solution 
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in  contact  with  the  stable  phase  only  should  therefore  not  be  heated  or  cooled 
(as  the  case  may  be)  beyond  the  transition  temperature. 

(3)  Thennometrie  methods. — Just  as  latent  heats  of  fusion  cause  a  cessa- 
tion in  rise  of  temperature  of  a  steadily  heated  substance  during  the  change 
from  one  state  to  another,  and  in  the  f aU  of  temperature  of  a  steadily  cooling 
body  under  similar  conditions^  so  also  the  same  effect  is  produced  in  many 
instances  on  cooling,  or  heating  regularly,  a  substance  undergoing  transition. 

Place  a  boiling  tube,  containing  the  powdered  substance  into  which  a 
thermometer  is  inserted,  in  a  bath,  and  warm  slowly,  say  at  the  rate  of  about 
one  degree  per  five  minutes,  after  maintaining  at  a  constant  temperature  of 
25°  C.  for  half  an  hour  until  everything  has  attained  this  temperature. 

Note  the  rate  of  rise  of  temperature  of  the  salt  and  record  by  a  graph. 
Afterwards  allow  to  cool,  by  these  means  obtaining  a  result  similar  to  that 
obtained  in  the  dilatometric  method. 


TEMf^ERATURE 


Fro.  160. 


(4)  Eleotrical  methods. — The  conductivity  of  a  solution  of  a  salt  at  various 
temperatures  may  be  measured  and  results  deduced  from  a  graph.  Through 
the  transition  point  one  can  obtain  a  graph,  similar  to  that  obtained  in  Method 
(2),  solubility. 

One  of  the  most  instructive  methods  is,  however,  by  means  of  a  concentraticn 
ceU  formed  from  a  metal  and  saturated  solutions  of  two  forms  of  the  same  salt, 
e.^.,  zinc  sulphate  in  its  hexa  and  hepta  hydrated  forms,  with  two  zinc  elec- 
trodes. 

In  all  cases,  if  a  metal  dips  into  a  solution  of  one  of  its  salts,  a  definite 
potential  difference  exists  between  the  metal  and  the  solution,  the  magnitude 
of  which  depends  on  the  ionic  concentration  of  metal  in  the  solution.  So  that 
a  "  concentration  cell "  of  the  tjrpe 


Metal 


dilute  solution 
of  salt 


concentrated  solution  I  metal 
of  salt 
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will  have  a  definite  E.M.F.  owing  to  the  fact  that  the  ionic  concentration 
in  the  dihUe  solution  is  greater  than  that  in  the  concentrated  solution. 

In  the  case  of  ZnS04,  6H,0  and  ZnS04,  7H,0,  the  stable  form  below  the 
transition  point  (the  hepta-hydrate)  has  a  definite  solubility  whilst  the  stable 
form  above  the  transition  point  (the  hexa-hydrate)  has  another,  the  two 
solubilities  coinciding  at  the  transition  point  itself. 

Hence  the  system : 


Zn 


Saturated  solution, 
ZnS04,  7H,0 


Saturated  solution, 
ZnS04,  6H,0 


Zn 


r^ 


? 


o 


M, 

^<^ 
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will  have  a  definite  E.M.F.  except  at  the  transition  point  for  such  temperatures 
as  those  at  which  the  salt  is  capable  of  existence  in  its  two  forms  simultane- 
ously owing  to  one  form  being  meta-stable. 

At  the  transition  point  the  E.M.F.  passes  through  zero  from  positive  to 
negative. 

Determination  of  the  transition  point. — By  preliminary  trials  on  the  lines 
given  below  it  may  be  easily  established  that  the  transition  point  is  in  the 
neighbourhood  of  40®  C. 

Take  an  H-^>iil>©  closed  at  the  lower  ends,  or  preferably,  two  tubes  with 
side  arms,  the  tubes  being  about  10  cm.  long  and  1-5  to  2*0  cm.  wide. 

In  the  bottom  of  each,  place  finely-powdered  ZnS04  .  7H,0  till  the  tube  is 
nearly  half  full,  and  fill  to  the  side  arm  with  a  saturated  solution  of  the  salt. 
Stir  till  the  whole  ingredients  are  in  the  form  of  a  thin  paste,  and  insert  two 
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rods  of  pure  zinc  as  electrodes  sealing  them  in  at  the  top  and  immersing 
them  well  into  the  paste  in  each  arm.  Now  heat  one  side  of  the  H'^^b^  o^ 
one  of  the  two  tabes  as  the  case  may  be,  in  a  bath  to  about  55^  C,  and  maintain 
this  temperature  for  half  an  hour  or  more,  afterwards  allowing  to  cool  slowly 
to  about  28^  C.  During  this  process  see  that  the  other  side  is  kept  cool,  screen- 
ing it  if  necessary. 

When  cool,  connect  the  side  arms  if  two  tubes  are  being  used,  and  in  any 
case  see  that  the  solutions  in  the  two  branches  are  in  contact  across  the 
connection. 

The  state  of  affairs  then  will  be  that  the  arm  which  has  been  heated  will 
contain  ZnS04,  GH^O  (unstable  and  more  soluble),  whilst  the  other  has 
ZnS04,  '^HsO  (stable  and  less  soluble). 

Connect  the  two  zinc  electrodes  through  a  switch  to  a  high  resistance 
sensitive  galvanometer  or  milli- voltmeter,  and  immerse  the  whole  H~^^^  ^ 
a  bath  of  water  at  30^  C.  for  30  minutes.    From  time  to  time  after  this  close 


FIG.  161  (a). 

the  switch  and  note  the  deflection  of  the  voltmeter,  noting  the  readings  at 
30®,  35**,  and  then  every  degree  or  more  frequently  as  the  deflection 
decreases. 

The  heating  of  the  bath  must  be  carried  out  extremely  slowly,  say  one 
degree  per  ten  minutes. 

Presently  there  will  be  a  temperature  at  which  the  deflection  is  zero  ;  at 
higher  temperatures  the  deflection  will  be  reversed,  but  will  again  gradually 
decrease  with  rising  temperature  owing  to  the  steady  change  of  the  hepta- 
hydrate  to  the  heza-hydrate  in  the  previously  untreated  side  of  the  tube. 

Draw  a  graph,  marking  deflections  as  ordinates,  and  temperatures  as 
abscissae.  The  transition  point  is  given  by  the  point  on  the  curve  at  which 
the  axis  of  time  is  cut  (Fig.  161  (a) ). 

It  may  occur  that  owing  to  some  impurity  or  the  use  of  some  wax,  etc., 
the  voltmeter  will  never  show  a  zero,  but  some  constant  E.M.F.  wiU  be 
present. 

In  this  case,  instead  of  the  axis  of  time  through  the  origin  being  cut  by 
the  deflection  curve,  there  will  be  another  axis  to  which  the  curve  will  eventu- 
ally form  a  tangent,  as  in  Fig.  161  (6).     The  point  at  which  this  axis  is 
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cut  will  then  equally  well  give  the  transition  temperature,  the  deflection  falling 
to  a  minimum  and  again  increasing  to  a  constant  value. 

(5)  Optical  and  other  methodB. — Examination  of  a  crystalline  substance 
under  the  microscope  on  a  plate  whose  temperature  is  regiilated  will  give 
interesting  results.    Try  this  with  ammonium  nitrate. 


Fia.  161  (6). 

Other  substances  give  obvious  colour  changes,  e.g.  mercuric  iodide  and 
cuprous  mercury-iodide  (q.v.  pp.  38  and_  87). 
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0682 
1038 
1867 

0710 
1072 
1800 

0765 
1106 
1480 

16  19  28 
14  17  91 
18  16  19 

26  80  84 
24  28  31 
23  26  20 

14 
15 
16 

1461 
1761 
2041 

1402 
1700 
2068 

1598 
1818 
2095 

1558 

1847 
2122 

1684 
1876 
2148 

1614 
1008 
2175 

1644 
1031 
2201 

1678 
1960 
2227 

1708 
1987 
2258 

1782 
2014 

8879 

12  15  18 
11  14  17 
11  18  16 

2124  27 
90  29  26 
18  9124 

17 
18 
19 

2804 
2558 

2788 

8880 
2677 
2810 

9865 

2601 
2888 

2880 
2626 
2856 

2406 
2648 
2878 

2430 
2679 
2000 

2465 
2695 
2023 

2480 
2718 
2046 

2604 
2742 
2967 

2520 
2766 
2060 

10  12  16 
9  12  14 
9  11  18 

17  90  22 
16  10  21 
16  18  20 

90 

8010 

8062 

8054 

8075 

8006 

8118 

8180 

8160 

8181 

8901 

8  11  18 

15  17  10 

n 

92 
28 

8222 

S424 
8617 

8248 
8444 
8686 

8268 
8464 
8655 

8284 
8488 
8674 

8804 

8602 
8602 

8824 

3522 
8711 

8846 
8641 
8729 

8866 
8660 
3747 

8885 

8679 
8766 

8404 
8688 
8784 

8  10  12 
8  10  12 
7  Oil 

14  16  18 
14  15  17 
U16  17 

94 

95 

96 

3801 
8070 
4150 

8820 
8907 
4166 

8888 

4014 
4188 

8856 

4081 
420O 

8874 
4048 
4216 

8802 
4065 

4282 

8900 

4082 
4949 

3027 
4000 

4265 

8045 
4116 
4281 

8062 
4138 
4296 

7  Oil 
7  0  10 
7  810 

12  14  16 
12  14  15 
11U15 

r 

98 
90 

4814 
4472 
4624 

4880 
4487 
4680 

4846 
4602 
4654 

4862 
4518 
4660 

4S78 
4688 
4688 

4808 
4548 
4698 

4409 
4664 

4718 

4425 

4670 
4728 

4440 
4604 
4748 

4456 

4609 
4757 

6  8  0 

6  8  0 
6  7  0 

11  18  14 
11  12  14 
10  19  13 

90 

4771 

4786 

4800 

4814 

4820 

4848 

4867 

4871 

4886 

4900 

6  7  0 

10  11  U 

81 
82 
88 

4014 
6051 
5185 

4028 
6065 
5108 

4048 
5070 
5211 

4066 
5092 
5224 

4060 
5105 
5987 

4988 

5119 
5260 

4007 
5188 
6968 

6011 
6145 
6876 

5024 
5160 
5980 

6038 
5172 
5802 

18  416  7  8 
18  4  5  7  8 
1  8  4|5  6  8 

10  11  19 
Oil  19 
9  10  19 

84 
85 

86 

6815 
5441 
6568 

5828 

6468 
6575 

5840 
6465 

6587 

6858 

5478 
5600 

5866 

6490 
66U 

5878 
6502 
6628 

5891 
5514 
6686 

5408 
5597 

6647 

5416 
5680 
6668 

5428 
6651 
6670 

18  4  5  6  8 

19  4  6  6  7 
18  4  5  6  7 

9  10  11 
0  10  11 
8  10U 

87 
88 

80 

5682 

6796 
6011 

5604 
6800 
6082 

6705 
5821 
6088 

5717 
6882 
5044 

5790 

684» 
6055 

5740 
5865 

6066 

5762 
5866 

5977 

6769 
6877 
6088 

6775 
6888 
5000 

5786 
6809 
6010 

8  0  10 
8  0  10 
8  0  10 

40 

6091 

6081 

6049 

6068 

6064 

6075 

6085 

6006 

6107 

6U7 

8  0  10 

41 
42 
tt 

6128 
6282 
6885 

6188 
62a 
6845 

6140 
6868 
6855 

6160 
6268 
6866 

6170 
6274 
6875 

6180 
6284 
6886 

6101 
6204 

68051 

6901 
6804 
6405- 

6919 
6814 
6415 

6999 
6826 
6495 

7  8  0 
7  8  0 
7  8  0 

44 
45 

46 

6485 
6582 
6628 

6444 
6549 

6687 

6454 
6661 
6646 

6464 

6661 
6666 

6474 
6671 
6665 

6484 
6680 
6676 

6403 
G690 
6684 

6603 
6699 
6608 

6613 
6600 
6709 

6628 
6618 
6719 

7  8  0 
7  8  0 
7  7  8 

47 
48 
40 

6721 
6812 
6902 

6780 
6821 
6011 

6780 
6830 
6020 

6749 
6880 
6028 

6768 
6848 
6067 

6767 
6867 
6046 

6776 
6866 
6966 

6785 
6876 
6064 

6794 
6884 
6079 

6808 
6808 
6981 

6  7  8 
6  7  8 
6  7  8 

50 

6000 

6008 

7007 

7016 

7094 

7088 

7049 

7050 

7060 

7067 

6  7  8 

51 
52 
53 

7076 
7160 
7248 

7084 
7168 
7261 

7008 
7177 
7250 

noi 

7186 
7267 

7110 
7108 
7276 

7118 
7902 
7284 

7126 
7210 
7202 

7185 
7218 
7800 

7148 
7226 
7806 

7152 
7236 
7816 

6  7  .8 
6  7  7 
6  6  7 

54 

7824 

7832 

7840 

7848 

7856|7864 

7872 

7880 

7888 

7896 

19  9 

8  4  5 

6  6  7 
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0 

1 

8 

8 

4 

ff 

6 

7 

8 

8 

65 

7404 

7412 

7410 

7427 

7486 

7443 

7461 

7460 

7466 

7474 

66 

67 
68 

7482 
7669 
7684 

7400 
7666 
7642 

7497 
7674 
7649 

7606 
7682 
7667 

7618 
7689 
7664 

7620 
7697 
7672 

7688 
7604 
7679 

7636 
7612 
7686 

7648 
7619 
7694 

7661 
7627 
7701 

69 
60 
61 

7709 
7782 
7863 

7716 
7788 
7860 

7723 
7706 
7868 

7781 
7808 
7876 

7738 
7810 
7882 

77« 
7818 
7889 

7762 
7826 
7896 

7760 
7832 
7908 

7767 
7889 
7910 

7774 
7846 
7917 

62 
63 
04 

7924 
7908 
8062 

7031 
8000 

8069 

79S8 
8007 
8076 

7046 
8014 
8062 

7962 
8021 
8069 

7969 
8028 
8086 

7966 
8066 
8102 

7978 
8041 
8109 

7960 
8048 
8116 

7987 
8066 
8122 

66 

8129 

8186 

8142 

8140 

8166 

8162 

8169 

8176 

8182 

8189 

66 
67 
68 

8196 
8261 
8326 

8802 
8267 
8331 

8909 
8274 
8338 

8216 
8280 
8344 

8222 

8287 
8361 

8228 
8293 
8367 

8236 
8299 
8363 

8241 
8306 
8870 

8248 
8812 
8876 

8264 
8819 
8382 

68 
70 
71 

8388 

8461 
8613 

8396 
8467 
8619 

8401 
8468 

8626 

8407 
8470 
8631 

8414 
8476 
8687 

8420 
8482 
8643 

8426 
8488 
8649 

8432 
8494 
8666 

8439 
8600 

8661 

8446 
8606 
8667 

72 
78 
74 

8873 
8683 
8692 

8679 
8689 
8606 

8686 
8646 

8704 

8691 
8661 
8710 

8897 
8667 
8716 

86(» 
8663 

8722 

8609 
8669 
8727 

8616 
8676 
8788 

8621 
8681 
8789 

8627 
8686 
8746 

T6 

8761 

8766 

8768 

8768 

8774 

8779 

8786 

8791 

8797 

8802 

76 
77 
78 

8808 
8866 

8021 

8814 
8871 
8927 

8820 
8876 
8932 

8826 
8882 
8938 

8831 
8887 
8948 

8837 
8893 
8949 

8842 
8899 

8964 

8848 
8904 
8960 

8864 

8910 
8966 

8859 
8916 
8971 

79 
80 
81 

8976 
0031 
9066 

8962 
9066 
9090 

8967 
9042 
0006 

8903 
0047 
9101 

8908 
0063 
9106 

9004 

9068 
9112 

0000 

0063 
9117 

9016 
0060 
0122 

9020 
9074 
9128 

9026 
9079 
9188 

82 
88 

84 

9138 
0101 
0243 

9143 
9100 
0248 

0140 
0801 
0268 

9164 
9206 
9268 

9169 
9212 
9263 

9166 
9217 
9260 

9170 
9222 
9274 

0176 
0227 
0270 

9180 
9282 
9284 

9186 
9238 
9289 

86 

0294 

0200 

9804 

9809 

9316 

9320 

9326 

9880 

9836 

9840 

2  8  8|4  4  6 

86 
87 
88 

9346 
9395 
9446 

0860 
0100 
0460 

9366 
0406 
0466 

9360 
9410 
9460 

9866 

9416 
9466 

9670 
9420 
9469 

9675 
9426 
9474 

9380 
9430 
9479 

9886 

9436 
9484 

9390 
9440 
9489 

89 
90 
91 

9494 
0642 
0690 

0499 
9647 
9696 

9504 
9552 
9600 

9609 
9667 
9605 

9613 
9662 
9600 

9618 
9666 
9614 

9523 
9671 
9610 

0528 
0576 
0624 

9633 
9681 
9628 

9538 
0586 
0683 

98 

98 
94 

0638 
0686 
0781 

9643 
9689 
9736 

9647 
9694 
9741 

0662 
0609 
9746 

0667 
0703 
0760 

9661 
9706 
9764 

9666 
9718 
9769 

0671 
9717 
9768 

9676 
9722 
9768 

0680 
9727 
9773 

96 

0777 

9782 

0786 

9791 

0706 

9600 

9806 

0609 

0614 

9818 

96 
97 
98 

0628 

9868 
0912 

982/ 
9872 
0017 

0832 
9877 
0021 

0836 
0881 
0026 

0641 
0886 
0030 

9846 
9800 
0034 

9860 
9894 
9930 

9864 
9899 
9948 

0869 
9908 

9948 

9863 
9908 

9952 

99 

0066 

0061 

9066 

0969 

9974 

0978 

0063 

9967 

9991 

9996 

Oil 

8  2  8 

8  8  4 
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ATOMIC  WEIGHTS  OF  THE  ELEMENTS. 

International  Atomio  Weights  for  1020. 


Name. 

Symbol. 

Atomio 
Weight. 

Aluminium  . 

Al 

27-1 

Antimony    . 

Sb 

120-2 

Argon 

At 

39-9 

Arsenic 

As 

74-96 

Barium 

Ba 

137-37 

Beryllium  or 

Glu- 

cinum 

Be 

9-1 

Bismuth 

Bi 

208-0 

Boron 

B 

10-9 

Bromine 

Br 

79-92 

Cadmium     . 

Cd 

112-40 

Cajsium 

Cs 

132-81 

Calcium 

Ca 

40-07 

Carbon 

C 

12-00 

Cerium 

Ce 

140-25 

Chlorine 

a 

36-46 

Chromium    . 

Cr 

62-0 

Cobalt. 

Co 

68-97 

Columbium 

Cb 

93-1 

Copper 

Cu 

63-67 

Dysprosium 

Dy 

162-6 

Erbium 

Er 

167-7 

Europium 

Eu 

162-0 

Fluorine 

F 

19-0 

Gadolinium 

Gd 

167-3 

GalHum 

Ga 

70-1 

Germanium 

Ge 

72-6 

Glucinum,  see 

Beryllium 

Gold    . 

Au 

197-2 

Helium 

He 

4-00 

Holmium 

Ho 

163-6 

Hydrogen 

H 

1-008 

Indium 

In 

114-8 

Iodine. 

i 

126-92 

Iridium 

Ir 

193-1 

Iron    . 

Fe 

65-84 

Krypton 

Kj 

82-92 

Lanthanum 

La 

139-0 

Lead   . 

Pb 

207-20 

Lithium 

Li 

6-94 

Lutecium 

Lu 

176-0 

Magnesium 

Mg 

24-32 

Manganese 

Mn 

64-93 

Kame. 


Merciiry 

Molybdenum 

Neodymium 

Neon  . 

Nickel . 

Niton  (Ra-emana- 

tion) 
Nitrogen 
Osmium 
Oxygen  * 
Palladium    . 
Phosphorus  . 
Platinum 
Potassium    . 
Praseodymium 
Radium 
Rhodium 
Rubidium     . 
Ruthenium  . 
Samarium    . 
Scandium     . 
Selenion 
Siliccm 
Silver  . 
Sodium 
Strontium    . 
Sulphur 
Tantalum     . 
Tellurion 
Terbium 
Thallium      . 
Thorium 
Thulium 

Tin      .         .         . 
Titanium 
Tungsten      . 
Uranium 
Vanadium    . 
Xenon 
Ytterbium   . 
Yttrium 

Zinc     •     •     •     < 
Zirconium    . 


SymboL 


Hg 
Mo 
Nd 

Ne 
Ni 


Atomio 
Weight. 


200-6 
96-0 

14^-3 
20-2 
58-68 


Nt 

222-4 

N 

14K)08 

Os 

190-9 

0 

16-00 

Pd 

106-7 

P 

31-04 

Pt 

195-2 

K 

39-10 

Pr 

140-9 

Ra 

226-0 

Rh 

102-9 

Rb 

86-45 

Ru 

101-7 

Sa 

160-4 

So 

441 

^ 

79-2 

Si 

28-3 

Ag 

107-88 

Na 

23-00 

Sr 

87-63 

S 

32-06 

Ta 

181-6 

Te 

127-5 

Tr 

159-2 

Tl 

204-0 

Th 

23216 

Tu 

168-5 

Sn 

118-7 

Ti 

481 

W 

184-0 

U 

238-2 

V 

51-0 

X 

130-2 

Yb 

173-6 

Y 

89-33 

Zn 

66-37 

Zr 

90-6 
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Absolute  ydodty  of  ions,  600. 

Absorbente  for  gftses,  266. 

Absorption  ooemdent,  439. 

Absorption  speotra,  482. 

Aoetaf,  317. 

Aoetaldehyd,  310. 

Aoetamide,  320. 

Aoetanilide,  373. 

Acetic  anhydride,  318. 

Acetic  ester,  319. 

Aceto-acetic  ester,  347,  399,  400. 

Acetone,  293,  312,  324. 

Aoetonitrile,  308,  322,  326. 

Acetophenone,  383. 

Acetoxime,  316. 

Acetyl  chloride,  318. 

Acetylene,  309. 

Acid,  acetic,  propn.,  293,  312,  323. 

reactions,  130. 

conductivity  of,  496. 

—  anthranilio,  386,  394. 

—  arabonic,  343. 

—  arsenic,  determination,  202. 
prepn.,  42. 

reactions,  93. 

—  arsenious,  determination,  202,  268. 
reactions,  93. 

—  benzene  sulphonic,  366*7. 

—  benzilic,  382. 

—  benzoic,  298,  362,  378,  382-4. 

—  boric,  determination,  218. 
prepn.,  42. 

reactions,  137. 

—  bromacetic,  333. 

—  bromosuocinic,  333. 
--  butyric,  294,  349. 

—  carbolic,  367. 

—  carbonic,  determination,  197,  239. 
derivatiyes,  336. 

ester,  336. 

reactions,  134. 

—  chloracetic,  332. 

—  chloric,  determination,  221. 

—  —  prepn.,  49. 
reactions,  142. 

—  chlorsulphonic,  68. 


Acid,    chromic,   determination,   193,    244, 
263,266. 

prepn.,  42. 

reactions,  101. 

—  oinnamic,  387. 

—  oitraoonic,  339. 

—  citric,  prepn.,  297. 
reactions,  136,  339. 

—  cyanacetic,  338. 

—  cyanic,  reactions,  131. 

—  dichloracetic,  333. 

—  fluosilicic,  determination,  239. 

prepn.,  46. 

reactions,  146. 

—  formic,  prepn.,  323,  340. 
reactions,  131. 

—  fumaric,  339. 

—  gallic,  377. 

—  gluconic,  343. 

—  glyceric,  341.  "• 

—  hippuric,  297,  298.   ' 

—  hyoriodic,  determination,  196,  244. 

prepn.,  47. 

reactions,  121. 

—  hydrobromio,  determination,  196,  241. 

prepn.,  47. 

reactions,  121. 

—  hydrochloric,  determination,  196,  241. 

prepn.,  6. 

reactions,  120. 

—  hydrocinnamic,  380. 

—  hydrocyanic,  determination,  217. 

prepn.,  326,  330. 

reactions,  124. 

—  hydroferrioyanio,  126. 

—  hydroferrocyanio,  126. 

—  hydrofluoric,  determination,  222,  239. 

prepn.,  49. 

reactions,  144. 

—  hydrosulphuric,  determination,  217,  268. 

prepn.,  6. 

reactions,  128. 

—  hypochlorous,  determination,  218. 

prepn.,  49. 

reactions,  128. 

—  hypophosphorous,  determination,  218. 

prepn.,  40. 

reactions,  130. 
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Add,  iodio,  prepn.,  42. 
reactions,  137. 

—  Uotio,  294,334. 

—  maleio,  339. 

—  malio,  296,  339. 

—  malonio,  338. 

—  mandelio,  336,  382. 

—  mesotartario,  488. 

—  molybdio,  reaotionB,  138. 

—  muoio,  409. 

—  naphthalene-Bulphonio,  358. 

—  naphthionio,  397. 

—  nitric,  determination,  219,  239. 
prepn.,  39. 

reactions,  141. 

—  nitroHc,  309. 

—  nitrous,  determination,  249. 
reactions,  129. 

—  oleic,  294. 

—  oxalic,  determination,  249. 
prepn.,  296. 

reactions,  134,  337. 

—  p-oxy-benzoic,  385. 

—  periodic,  49. 

—  persulphnric,  determination,  251. 
reactions,  143. 

—  phenol-sulphonic,  367. 

—  phenyl-aso-naphthionic,  397. 

—  phenyl  glycine  o-oarboxylic,  394. 

—  phosphonc,  determination,  196, 239, 243. 
prepn.,  40. 

reactions,  139. 

—  phosphorous,  determination,  218. 
preparation,  40. 

reactions,  133. 

—  phthalic,  339,  378. 

—  picric,  361. 

—  prussic,  see  Hydrocyanic. 

—  pyrogallic,  377 

—  salicylic,  326,  386. 

—  silicic,  determination,  221. 
prepn.,  46,  73. 

reactions,  146. 

—  stannic,  96. 

—  stearic,  294. 

—  succinic,  326. 

—  sulphanilic,  367,  389,  407. 

—  sulphuric,  determination,  195,  244. 
reactions,  144. 

—  sulphurous,  determination,  218, 239, 257. 

—  -^reactions,  132. 

—  tannic,  377. 

—  tartaric,  prepn.,  297. 
reactions,  136. 

resolution,  297,  336,  488. 

—  thiocyanic,  127. 

—  thiosulphurio,  determination,  219. 
reactions,  141. 

—  trichloracetic,  333,  476. 

—  uric,  297,  401,  406. 

—  amides,  320,  327. 

—  chlorides,  318. 

—  esters,  320. 

—  salt8,!.27. 


Addimetry,  239. 

Adds,  baddty  of,  419,  496. 

—  fuming,  analysis  of,  239. 

—  molecular,  wdght  of,  419. 
Acrolein,  341. 

Action,  Mass,  76,  502. 
Addition  of  Halogens,  363. 
Air,  analysis  of,  266. 

—  displacement,  429. 
Alanine,  334. 
Alcohol,  293,  301. 

—  V.  Meyer^s  test  for,  309. 
Alcoholates,  301. 

—  chloral,  312. 
Aldehyd,  310,  313,  323. 

—  ammonia,  311,  314. 

—  Usulphite,  312,  314. 
Aldol,  314. 

Aldose,  344. 

Aldozime,  316. 

Alizarin,  393. 

Alkali  earth  salts,  determination  of,  238. 

Alkalimetry,  236. 

Alkalis,    determination    of,    in    insoluble 

silicates,  216. 
Alkaloids,  299,  403,  408. 
Alloxan,  407. 

Alloys,  analysis  of,  181,  210. 
Ally!  alcohol,  340. 

—  iodide,  341. 

Alumina,  analysis  of,  164,  208. 
Aluminium  chloride,  60. 

—  determination  of,  193. 

—  reactions,  99. 

Alum  from  minerals,  60. 
Alums,  33. 

Amides,  add,  320,  327. 
Amido-group,  estimation  of,  424. 
Amines,  aliphatic,  307,  328. 

—  aromatic,  366. 
Amino-adds,  333. 
Amino-azobenzene,  371. 
Amino-group,  estimation  of,  422. 
Amino-phenols,  367,  422. 
Ammonia,  6. 

Ammonium,  carbamate,  72. 

—  determination  of,  207,  237,  261,  277. 

—  molybdate,  prepn.,  62. 

—  persulphate,  66. 

—  reactions,  117. 

—  thiocyanate,  prepn.,  69. 

^,  use  of  J,  243. 

Ammoniacal  nlyer  oxide,  use  of,  406. 
Amygdalin,  326. 
Amylbenzoate,  320. 

—  nitrite,  302. 
Amylo-dextrin,  346. 
Analyser,  483. 
Anasirom,  481. 
Anhydrides  add,  42,  318. 
Aniline,  determination  of,  423. 

—  prepn.,>317,  364. 
Anion,  497. 
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AniBol,  376. 

Anomaloiis  diBpenion,  482. 
Anthraoene,  3^. 
Anthraquinone,  393. 
Antiiebnn,  373»  400. 
AntimoDy,  chloride,  51. 
basic,  29. 

—  detenmnation  of,  202,  25a 

—  metallic,  prepn.,  19,  20. 

—  pentaohloride,  151. 

—  pentozide,  11,  14. 

—  reactions,  93. 

—  triozide,  14. 
Antipynne,  400. 
Analysis  of  mixtures : 

One  base  in  a  group,  165. 
Any  number  in  a  group,  171. 
Analysis  of  simple  siuts,  157. 

—  of  insolubles,  163,  207. 

—  oxalic  add  present,  182. 

—  phosphoric  acid  present,  162. 
Arabinite,  343. 

.  Arabinose,  343,  345,  409. 
Arbutin,  326. 
Archimedes,  434. 
Algol,  297. 
Argyrol,  74. 

Aromatic  hydrocarbons,  352,  355,  366,  380. 
Arsenic  anhydride,  45. 

—  determination  of,  201,  258. 

—  reactions,  91. 

—  separation  from  Sb  and  Sn,  215. 

Arsenious  add,  use  of    .,  251. 

—  anhydride,  45. 

—  sulphide,  colloid,  73. 

Association   factor,    444,    447,    452,    454, 

458-9,465. 
Asymmetric  C-atom,  488. 
Atomicity  of  gases,  448. 
Atomic  volume,  434-7. 
Avidities  of  adds  and  bases,  476,  488,  494, 

504-5. 
Azo-benzene,  363. 
Azo-bodies,  detection  of,  406. 
Azo  dyes,  389. 
Azoxy-benzene,  362. 

B 

B(%,480. 

Bamberger,  316,  424. 
.Bai/oe(f#  reagent,  345,  409. 
Barium,  determination  of,  205,  242. 

—  reactions,  112. 

—  separation  from  Sr  and  Ca,  214. 

—  chloride,  prepn.,  25. 
,  use  of  N,  244. 

—  chromate,  26. 

—  dithionate,  67. 

—  oxide,  10, 13. 

—  peroxide,  15,  17. 

—  sulphate,  26. 

analysis  of,  164,  208. 


N 
Baryta,  use  of  ~,  234,  239,  464. 

Bases,  molecular  wdght,  of  419. 
Baddty  of  adds,  419,  495. 
Bauxite,  analysis  of,  215. 
Beckmann  thermometer,  457. 

—  transformation,  327. 
Benzal  anUine,  381. 
Benzal  chloride,  354. 
Benzaldehyd,  326,  354,  381. 
Benzamide,  384. 
Benzanilide,  385,  406. 
Benzene,  366,  367,  380. 

—  hexachloride,  353. 

—  sulphonamide,  357,  408. 

—  sulphonchloride,  357,  408. 

—  vapour,  determination  of,  273. 
Benzhvdrol,  351. 

Benzidene,  363. 
Benzil,  382. 
Benzoic  ester,  384. 
Benzoin,  382. 
Benzonitrile,  368. 
Benzophenone,  380,  383. 
Benzotrichloride,  354. 
Benzoyl  chloride,  384. 
Benzyl  alcohol,  381. 

—  chloride,  354. 
Beryllium,  reactions,  153. 

—  salts  from  beryl,  62. 
Bimolecular  reactions,  503. 
Biquartz  plate,  484. 
Bismarck  Drown,  389. 
Bio-chemical  resolution,  335,  488. 
Bismuth,  19. 

—  carbonate,  29. 

—  determination  of,  201. 
— 'nitrate,  24. 

basic,  29. 

—  pentoxide,  14. 

—  reactions,  88. 

—  separation  from  Cd,  210. 
--tnoxide,12,  14. 
Bismuthic  add,  15. 
Bisulphite  compounds,  312-4. 
Biuret,  336,  406. 
Blackman,  462. 

Bleaching  powder,  valuation  of,  255,  258. 
Blue,  methylene,  375. 
Bdckmann,  determination  of  sulphides,  217, 
Boiling-point,  determination  of,  291. 

—  elevation  of,  table  of  constants,  459. 
Bomb,  calorimetric,  477. 

—  tube,  Carius',  417. 
Borax  bead  tests,  78. 
Borides,  analysis  of,  182. 
Bredig,  74. 
Bromacetanilide,  373. 

Bromides,  determination  of,  196,  241. 

—  organic,  304. 

—  separation  from  chlorides  and  iodides, 

122, 123. 
Bromine,  detection  of  free,  123. 

—  determination  of  free,  255,  259. 
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Bromobenzene,  353,  368. 

Bromo-methyl-fuiforal,  345. 

Bromofonn,  306. 

BroDzee,  analysiB  of,  210. 

Bnioine,  335,  408. 

Brunner,  418. 

Bmette,  oalibrstion  of,  227,  229. 

—  float,  227. 

—  for  baryta,  234. 
Butyl  alcohol,  313,  351. 

—  bromide,  304. 
Butyraldehyd,  313. 


Cadmium  detennination,  202. 

—  iodide,  38. 

—  oxide,  10. 

—  reactions,  89. 

—  sulphide,  67. 

—  yellow,  67. 
Caffeine,  299. 
Calcium  chloride,  25. 

—  determination,  206,  250. 

—  oxalate,  26. 

—  oxide,  9. 

—  reactions,  113. 

—  salts,  25. 

—  sulphate,  26. 
Calculations,  427. 
Calibration  of  spectrometer,  481. 

—  of  vessels,  228. 

—  of  weights,  429. 
Calories,  472. 
Calorimetric  bomb,  477. 
Camphor,  molecular  weight  of,  458. 
Canada  balsam,  483. 

Cane  sugar,  295,  346,  409,  42a 

Cannixzaro^s  reaction,  382. 

Capillary  rise,  453. 

Carbamate,  72,  336. 

Carbamine,  305,  329,  364. 

Carbides,  aoalyais  of,  181. 

Carbinol,  phenyl  methyl,  350. 

Carbohydrates,  343,  405,  409. 

^-  detection  of,  409. 

Carbonates,  determination  of,  237,  276 

Carbon,  detection  of,  165,  403. 

—  estimation,  410. 

—  dioxide,  5. 

determination  of,  in  air,  240. 

gaaee,266. 

—  monoxide,  prepn.,  7. 

determination,  266. 

Carbonic  acid  derivatives,  336. 

—  ester,  336. 

Carbonyl  group,  estimation  of,  421. 
Carborundum,  analysis  of,  165. 
Carboxyl  group,  estimation  of,  421. 
Carius,  417. 
Carols  add,  144. 
Catalysis,  rate  of,  503-4. 
Catechol,  377. 
Cation,  497. 


Caustic  alkali,  *analyBi8  of,  235. 
Ceil,  concentration,  508. 

—  constant,  492. 
Cellulose,  346. 
Cerite,  analysis  of,  183. 
Cerium,  reactions,  151. 
Chloral,  312. 

—  alooholate,  312. 

Chlorides,  determination    in    presence    of 
Ha,  242. 

tapwater,  242. 

Chlorination,  332-3,  353. 
Chlorine,  detection  of  free,  123. 

—  determination,  255,  259. 

—  prepn.,  5. 

Chlorobenzene,  353,  368,  369* 
Chlorochromates,  59. 
Chloroform,  305. 
Chlorotoluene,  354,  368-9,  380. 
Chromates,  determination,   193,  244»  253, 

255. 

—  reactions,  100. 
Chrome  alum,  34. 

—  red,  29. 

—  yellow,  26. 
Chromic  anhydride,  42. 

—  chloride,  51. 

—  oxide,  12,  14. 

Chromite,  analysis  of,  215,  253. 
Chromium,  determination,  193,  253. 

—  prepn.,  20. 

—  reactions,  100. 

—  separation  from  Al,  211. 

Mn,  211. 

Chromyl  chloride,  58. 
Chrysoldine,  390. 
CSnohona-bark,  299. 
Cinchonidlne,  335. 
Cinchonine,  408. 

Cinnamio  add  dibromide,  335. 

Ois.    See  Acid,  dtraoonic,  diasonium. 

Clarke,  hardness  of  water,  24& 

Clay,  aoalyais  of,  215. 

Clement  and  Desonnea,  44& 

Coal  ffas,  analysis  of,  273. 

Cobaltammines,  36. 

Cobalt,  determination  of,  205,  225,  262. 

—  reactions,  109. 

—  separation  from  Ni,  109,  110,  111,  176, 
213,  214. 

Collidine,  399. 

—  dicarboxylic  ester,  399. 
Colour  changes,  511.  ^ 
CoUoids,  73. 

Colorimeter,  Dubosq*s,  26a 
Combustion,  heat  of,  477. 

—  furnace,  410. 
Compensation,  internal,  488. 
Compensator,  Soleil'a,  485. 
Complex  salts,  34-8. 
Concentration  cell,  500. 

—  of  sucrose,  486. 

Condensation,  315-7,  372,  387-9,  392. 
Conductivity,  489. 
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Conduotiyity,  equivalent,  489. 

ofKa,492. 

of  Ha  and  NaQ,  494. 

—  moleonlar,  489. 

—  spedfio,  489. 

—  water,  493. 
Congo  red,  397. 
Goniine,  408. 

Constant  boiling  mixtures,  442. 
Constant  errors,  427. 
Cooling  curve,  462. 
Copper  acetate,  27. 

—  determination  of,  194,  225,  239, 256, 2 

—  metal,  18. 

—  nitrate,  24. 

—  oxide,  9,  10. 

—  reactions,  87. 

—  separation  from  nickel,  225. 
sUver,  226. 

—  sulphate,  23. 

aquo-tetrammine,  38. 

pentammine,  38. 

Cotton  wool,  346. 
Coulomb,  489. 
Coumarin,  387. 
Course  of  analysis,  157. 
Crafty  Friedel  and,  355,  390. 
Critical  angle,  467. 
Cryolite,  analysis  of,  215. 
Crystallisation,  3,  279. 

—  fractional,  3. 
Crystal  violet,  392. 
Cuprous  bromide,  54. 

—  chloride,  53. 

—  iodide,  53. 

—  meroumodide,  38. 

—  oxide,  13. 

—  sulphide,  66. 
Current  density,  224. 
Cyanates,  330. 

—  reactions,  131. 
Cyanhvdrin,  334,  343. 
C^^anides,  325,  330. 

—  determination,  242. 

—  reactions,  124. 
Cyanogen,  330. 

—  derivatives,  330. 

—  detection  of,  126. 
Cystine,  298. 

D 

Dt  Koningh'a  reagent,  78. 
Dennakdt,  413. 
Density,  434. 

—  of  ffases  and  vapours,  443-4. 

—  of  liquids*  436-7. 

—  of  water.  Table  of,  435. 
Depression  of  freezing-point,  457. 

—  melting-point,  463. 
Desormes,    See  Clement, 
Desiccator,,  vacuum,  4,  281. 
Detection  of.     See  under  each  element. 

—  alkaloids,  40a 


Detection  of  carbohydrates,  409. 

—  carbon,  403. 

—  halogens,  123,  403. 

—  hvdroffen,  403. 

—  phosphorus,  403. 

—  sulphur,  403. 

Determination  of.     See  under    each    sub- 
stance.    See  also  under  Estimation. 

—  amido  group,  424. 

—  amino  group,  422. 

—  aniline,  423. 

—  cane  sugar,  426. 

—  carbonyi  group,  421. 

—  carboxyl  group,  421. 

—  diazonium  compounds,  424. 

—  ethoxyl  group,  421. 

—  glucose,  425. 

—  hydroxyl,  420. 

—  imido  group,  424. 

—  imino  group,  423. 

—  iodoeo  group,  425. 

—  iodoxy  group,  425. 

—  metals  in  organic  compounds,  418. 

—  methoxyl  group,  421. 

—  methylaniline,  4i23. 

—  molecular  weights  of  acids  and  bases, 

41920. 

—  nitro  group,  424. 

—  sulphoxyl  group,  421. 
Dextrin,  346. 
Dextro-rotation,  483. 
Dextrose  (see  Qiucose),  345,  409. 
Diaso-amino-benzene,  371. 
Diazo-benzene  chloride,  366. 

—  sulphate,  366. 
Diazonium  perbromide,  371. 

—  salts,  371,  389. 
Didymium,  152. 

Dihydro-collidine-dicarboxylic  ester,  399. 
Dilatometer,  506. 

Dilution,  heat  of,  472. 
—law,  Ostwald's,  494. 
Dimethyl-aniline,  374,  390. 
Dimethyl  p-phenylene-diamine,  376. 
m-Dinitro-oenzene,  359. 
Diphenyl  iodonium  iodide,  369-70. 
Diphenyl  methane,  380. 

—  tolyl  carbinol,  351. 
Displacement  of  air,  429. 
Dissociation,  444,  447,  452-4-8,  465. 
Distillation,  282-285,  442. 

—  in  steam,  286. 

—  in  vacuo,  285. 
Double  salts,  30. 

Dotoaon  gas,  analysis  of,  273. 

Dubosq,  2eO, 

Dumas'  estimation  of  N,  414. 

—  vapour  density  method,  445. 


EUeotrochemical  equivalent,  496. 
Electrochemistry,  489. 
Electrodes,  491. 
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£lectrolyticj[aiialysiB,  223-6. 

—  preparatioDB,  64-5. 

—  separatioDfi,  226. 

Elevatdon  of  boiling-point,  459-466. 

E6tvos,45^ 

Eosin»  393. 

Eqmvalente  of  acids,  230,  419. 

—  of  bases,  230. 

—  of  metals,  276. 
Equivalent  conduotivity,  492-4. 

tables  of,  494. 

Erbium,  reactions,  153. 
Errors,  427. 

Erythro-dextrin,  346,  409. 
Ester,  acetic,  319,  325. 
Esters,  301,  303,  319. 

—  aromatic,  384. 
Estimation  of  bases,  420. 

—  halogen,  417. 

—  nitrogen,  414. 

—  phosphorus,  417. 

—  sulphur,  417. 
Ethane,  307,  309. 
Ether,  302. 

—  aromatic,  376. 
Ethyl  alcohol,  293,  312. 

—  amine,  325,  327-8. 

—  benzene,  352-5. 

—  bromide,  303. 

—  carbonate,  336. 

—  chloride,  303. 
Ethylene,  prepn.  of,  303,  309. 

—  determination  of,  273. 
Ethyl  ether,  302. 

—  hydrogen  sulphate,  301. 

—  iodide,  304. 

—  isocyanate,  325. 

—  malonic  acid,  348. 

ester,  348. 

Ethyl  nitrite,  301-2. 

—  oxalate,  320,  338. 

—  propyl  ether,  302. 

—  sulphate,  302. 
Evaporation  in  vacuo,  3. 
Extraction,  288,  327,  331,  336. 


Fast  red,  398. 
Fats,  294. 

—  extraction,  288. 

FtMing,  310,  315,  324,  340,^2-6,  363,  371, 

376,  402-6,  409,  426. 
FenUm^s  reaction,  338. 
Fermentation,  lactic  acid,  294. 
Ferric  chloride,  prepn.,  50. 
as  reagent,  405. 

—  hydroxide,  colloidal,  73. 

—  oxide,  prepn.,  10,  12. 
Ferricyanides,  reactions,  127. 
Ferrocyanides,  reactions,  126. 
Ferrous  ammonium  sulphate,  23. 

—  chloride,  50. 


Ferrous  oxide,  14. 

N 

—  solution,  use  of  .-^,  252. 

—  sulphate,  23. 
Filtration,  2,  2^9. 

Fischer  and  Speier's  reaction,  320,  384* 

FiUig's  synthesis,  355. 

Flame  tests,  78. 

Flash  tests  (Bunsen),  79. 

Flue  gases,  analysis  of,  266. 

Fluorescence,  338,  377,  392. 

Fluorescein,  377,  392. 

Fluorides,  analysis  of,  165,  184. 

—  reactions,  144. 

Fluor  spar,  analysis  of,  215. 
Formaldehyde  310. 
Formation,  heat  of,  472,  479. 
Formyl  chloride,  382. 
Fractional  crystallisation,  3. 

—  distillation,  285. 

in  vacuo,  285-6. 

Freezing-point  depression,  456. 
constants,  456-7. 

Friedd  and  CrafCs  synthesis,  355,  390. 
Fructose,  296,  344-5,  409. 
Fuchsine,  311,  391. 
Furfural,  345,  409. 
Furnace,  combustion,  410-4. 

—  crucible,  3,  4. 

—  tube,  417. 

G 

Oabrid,  328. 

Galactose,  345,  409. 

Gas  burette,  BunU's,  265. 

HempeTs,  267. 

ToWenX  269. 

—  pipette,  Dreschmidt's,  268-9. 
explosion,  272. 

-: W%nJeler*s  combustion,  271. 

Gasvolumeter,  Lungers,  274. 
Oattermann^i  reaction,  368-9. 
GaUermann-Koeh,  382. 
Geiaaler,  411,  469,  482. 
Oerrard,  426. 
GUes'  flask,  223. 
Gladstone  and  Dale,  469. 
Glucinum.    See  Beryllium. 
Glucosazone,  316,  343. 
Glucose,  296,  316,  326,  343-5,  409. 

—  determination  of,  425-6. 
Glucosides,  326. 
Glucosone,  344. 
Glycerin,  295,  340. 
Glycerol.    See  Glycerin. 
Glycerose,  341. 
Glycine.    See  Glycocoll. 
GlycocoU,  298,  333. 
Glycogen,  409. 

Glycol,  307. 

Gold,  from  scrap,  21. 

—  fulminating,  97. 

—  reactions,  97. 
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Oooch  cruoible,  189. 
Gravimetrio  analysis,  185. 

—  drying  and  burning  ppt.,  188. 

—  evaporation,  190. 

—  filtration,  187. 

—  manipulation,  186-191. 
Griffnard,  350. 

Groups.    Division  of  bases  into,  80. 

—  Division  of  adds  into,  119. 
Group  L,  separation  of  bases  of,  171. 

—  IL,  separation  of  bases  of,  172-5. 

—  III.,  separation  of  bases  of,  176-7. 

—  IV.,  separation  of  bases  of,  178-9. 

—  V.  separation  of  bases  of,  180. 
Group  ppt.,  treatment  of,  168. 
Grove,  20Z. 

Guanidine,  337. 
Ouigne^s  greem,  14. 
OuizeU  test,  93. 


Haber,  273. 

Half  shade,  484. 

HaUeU,  214. 

Halogen,  addition  of,  353. 

—  detection  of  free,  123. 

—  determination  of,  242,  293. 
free,  255. 

—  estimation  in  organic  bodies,  417. 
Hardness  of  water,  determination  of,  238, 

246. 
Heat,  latent,  456-9. 

—  specific,  of  water,  472. 
— .of  combustion,  477. 

—  of  dilution,  472-5. 

—  of  formation,  479. 

—  of  neutralisation,  476. 

—  of  solution,  472. 
Heating,  methods  of,  2. 
Hekner,  hardness  of  water,  238, 

—  method    of    determining    diazo-amino 

bodies,  425. 
Helianthin,  389. 
HeU'Volhard'ZeUnsky,  333. 
Heptose,  343-4. 
Hes^s  Law,  474. 
Heumann,  394-5. 
Hexaohloride,  benzene,  353. 
Hexamethylene-tetramine,  314. 
Hexamine,  314. 

High  temperature  measurement,  431. 
HiUorf,  497. 
HoffmanrCa  reaction,  327. 

—  vapour  density  method,  447. 
Hydrazine  sulphate,  prepn.,  71. 
Hydrazo-benzene,  363. 
Hydrazones,  316,  328,  406. 
Hydrobenzamide,  381. 
Hydrocarbons,  323. 

—  aromatic,  352,  355,  366,  380. 

—  determination  of,  in  gases,  266,  271,  272. 
Hydrogen,  prepn.,  6. 

—  peroxide,  17. 


Hydrogen,  peroiude,  determination,    249, 

reactions,  116. 

—  sulphide,  5. 
Hydrolysis,  307,  325. 

—  degree  of,  466. 

—  rate  of,  503. 
Hydrometers,  434. 
Hydroquinone,  326,  367,  376-9,  393. 
Hydroxy-azo-benzene,  389. 
Hydroxy-cinnamic  lactone,  387. 
Hydroxylamine,  phenyl,  362. 

—  sulphate,  prepn.,  70. 
Hydroxyl,  determination  of,  420. 


Imido-group  determination,  424. 

Imino-group  determination,  423. 

Indioan,  299,  326,  395. 

Indicators,  2^1. 

Indigo,  299,  326,  394,  395. 

Indol,  395. 

Indoxyl,  395. 

Insoluble  salts,  solubility  of,  496. 

—  silicates,  analysis  of,  215. 

—  substances,  analysis  of,  163. 

determination  of,  207-8,  215. 

Internal  compensation,  488. 
Inversion  of  cane  sugar,  487, 
Invert  sugar,  487. 

Iodic  anhydride,  42. 
Iodides,  determination,  244. 

—  organic,  304. 

—  reactions,  47. 
Iodine,  detection  of,  123. 

—  use  of  ^,  253-8. 

lodo-benzene,  359,  369. 

—  dichloride,  369. 
Iodoform,  301,  305. 
lodonium  salts,  370. 
lodoso-benzene,  370. 
lodoso-group,  determination,  425. 
lodoxy-oenzene,  370. 
lodoxy-eroup,  determination,  425. 
Ionic  velocity,  500. 

lonisation  constants,  476,  494. 

Table  of,  494. 

Iridium  reactions,  150. 

Iron,  determination  colorimetrioally,  262. 

asFegO,,  192. 

by  dichromate,  251. 

by  p^mansanate,  248. 

by  thiosulpnate,  257. 

—  prepn.  of,  19. 

—  reactions  of,  101. 

—  separation  ttom  Al,  211. 
Cr,21L 

Mn,212. 

Isomerism,  314,  326,  327,  335,  339,  343-6, 

353,  371,  48a 
Isothiooyanates,  375,  407-8. 
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Jodlbauer,  417. 


K 


Ketones,  312,  324,  348,  351. 

Ketose,  344. 

KUianCa  synthesis,  343. 

JSTtpp,  5. 

KjetdM,  415-6. 

Koch,  382: 

KoMrauach,  493. 

Kolbe,SS5, 

Kopp,  438. 

Kundt  and  Warburg,  449-50. 


Laotide,  335. 
Lactone,  343,  405. 
Lactose,  296,  346,  409. 
Laeyo-rotation,  483. 
Laeynloee.    See  Fructose. 
Lanthanum,  reactions,  152. 
Laurent,  half  shade,  484. 
Law  of  Mass  Action,  502. 
Lead  acetate,  basic,  29. 

—  carbonate,  basic,  29. 

—  chloride,  26. 

—  chromate,  26. 
banc,  29. 

—  determination  of,  199,  225. 

—  nitrate,  24. 

—  oxide  (litharge),  8, 12. 

—  peroxide,  15, 16. 

—  prepn.  of  pure,  18. 

—  reactions  of,  83. 

—  red,  16. 

—  separation  from  Hg,  209. 

—  sesquioxide,  16. 

—  sulphate,  determination  of,  207. 

—  tetrachloride,  51. 
Leuco-base,  390-2. 
Liebermann,  367. 

Liebi(fs  combustion  method,  410-3. 
lAppich  polariaer,  485. 
liquids,  solubility  of,  441-2. 
litnarge,  prepn.,  12. 
Lithium,  determination,  207. 

—  reactions,  117-8. 

—  salts  from  minerals,  63. 
Litmus,  use  of,  231. 
Litre,  definition  of,  229. 
Lodge,  501. 

Loreniz  and  Lorem,  469. 

Lumaden,  4!dO, 

Lummer'a  solution,  491. 

Lunge,  determination  of  nitrates,  219. 

'sulphides,  218. 

—  nitrometer,  219. 
Lunge-Bey  pipette,  239. 


Magenta,  311,  391. 

Magnesium  ammonium  arsenate,  32. 

phosphate,  32. 

—  chloride,  52. 

—  determination  of,  206. 

—  organic  compounds  of,  350-2. 

—  oxide,  9. 

—  reactions,  113. 

—  separation  from  Groups  m.  and  IV., 

205. 
Malachite  green,  390. 
Malonic  ester,  338. 

syntheses,  348-9. 

Maltose,  345. 
Mandelic  nitrile,  382. 
Manganates,  determination  of,  205. 
Manganese  chloride,  60. 

—  metal,  20. 

—  reactions,  104. 

—  salts  from  MnO^,  60. 
Manflanous  oxide,  13. 

—  smphate,  61. 
Mannite,  343. 
Mannoee,  343-4. 
MaraKa  test,  92. 
Ifass  action,  502. 
Measurement  of  Mass,  428. 
Melting-point,  289. 

—  Depression  of,  463. 
Mendlua,  328. 
Mercaptans,  407. 
Mercuric  oxide,  10. 

test  (Reynolds*),  324. 

—  sulphide,  66. 
Merourous  oxide,  12. 

Mercury,  determination  of,  200,  201,  225. 

—  metal,  21. 

—  reactions,  85-7. 

—  separation  from  thio-bases,  210. 
Mesitylene,  315. 

Metals,  organic  compounds  of,  418. 

—  preparation  of,  18. 
Methane,  determination  of,  272. 

—  prepn.,  323. 

Methoxy-group,  determination  of,  421 . 
Methyl  acetate,  hydrolysis  of,  503. 

—  alcohol,  293,  300. 

—  amine,  327. 

—  aniline,  373. 

determination,  373,  423. 

—  cyanide,  325. 

—  esters,  320. 

—  orange,  357,  389. 

—  propyl-carUnol,  313. 

—  salicYlate,  385. 

—  sulpnate,  320. 

—  violet  B.,  392. 
Methylene  blue,  375. 
Meyer,  F.,  308. 
Miehier'a  ketone,  392. 
Microcosmic  salt,  32. 
Migration  velocity,  497. 
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Mirtor  test,  silver.  See  AldehydSi 
Mixed  liquids,  distillation  of,  442. 
Moleoolar  conductivity,  489. 

—  refraotivity,  469-71. 

—  rotation,  486. 

—  volume,  434-8. 

•^weight  detennination.    See  Density  of 
gases. 

adds  and  bases,  419-20, 

liquids,  462. 

Mond  gas,  analysis  of,  273. 
Mono-molecular  reactions,  502. 
Morphine,  408. 
Mosaic  gold,  67. 

—  analysis  of,  164. 
Murexide,  401,  407. 
Mustard  oil,  376,  407-8. 

N 

Naphthalene,  378-9. 

—  derivatives,  396. 
Naphthols,  396. 
Naphthoquinone,  398. 
Naphthylamine,  397. 
NesaUr's  reagent,  261. 
Neutralisation,  heat  of,  476. 
Nickel  ammonium  sulphate,  33. 

—  coinage,  analysis  of,  226. 

—  determination  of,  206,  226. 

—  reactions,  108. 

—  separation  from  Co,  213-4. 
Nicof  prism,  483. 
Nicotine,  299,  408,  441. 
m-Nitraniline,  363. 

0-  and  |>-Nitraniline,  360. 
Nitration,  369. 
Nitric  anhydride,  44. 

—  oxide,  6,  7. 
Nitrides,  181. 
Nitriles,  308. 

Nitrites,  determination,  249,  262. 

—  prepn.,  70. 

—  reactions,  129. 
Nitro-acetanilide,  360. 
Nitrobenzene,  359,  363. 

—  as  oxidiser,  391. 
Nitro-ethane,  308. 

Nitrogen,  detection  in  organic  substances, 
403. 

—  determination    in    organic    substances, 

414-6. 

—  peroxide,  10.  • 

—  prepn.,  6. 

Nitoo-group,  determination  of,  424. 
Nitrol,  pseudo-,  309. 
Nitrolic  acids,  309. 
a-Nitro-naphthalene,  397. 
Nitroparaffins,  308. 
Nitrophenols,  361,  406. 
j3-Nitrophenyl-hydrazine,  316. 
Nitroprusside,  sodium,  331. 
Nitrosamine,  329,  374. 
Nitroso-benzene^  379-80. 


Nitroso-benzene  compounds,  404. 

—  dimethyl-aniline,  374. 
m-Nitro-toluene,  366. 

o-  and  |>-Nitro-toluene,  359. 
fii-Nitro-toluidine,  366. 
Nitrous  anhydride,  43. 

—  oxide,  7. 

Normal  solutions,  definition  of,  230. 

—  acids  and  alkalis,  232-5. 

O 

Occlusion,  505. 
Ohm's  Law,  489. 
Optical  activity,  483. 

—  isomers,  335,  488. 
Orange,  methyl,  389. 

—  n.,390. 

—  in.,  389. 

Order  of  reactions,  504. 
Organic  acids,  titration  of,  239. 

—  tests,  402. 

Osazones,  316,  342,  344-6,  406. 
Osmium,  reaction,  150. 
Osmotic  pressure,  463. 
Osone,  344. 
OstwcUd,  494-5. 
Oxalic  ester,  320,  338. 
Oxamethane,  321. 
Oxamide,  321. 
Oxidation  of  alcohols,  310. 

—  amines,  etc.,  378-80. 

—  sugars,  343. 

—  side-chain,  378. 
Oxides,  basic,  8. 
Oximes,  315,  406. 
Oxy-aoids,  334. 

—  synthesis  of,  334,  352. 
Oxygen,  determination  of,  266. 
dissolved,  257. 

—  preparation,  6. 


Palladium  capillary,  271. 

—  occlusion  of  hydrogen  by,  505. 

—  reactions,  149. 
Paraldehyd,  314. 
Para-rosaniline,  392, 
Partition  coefficients,  464-5. 
Pasteur,  335,  488. 

Pavtfs  solution,  425. 
Penfidd,  determination  of  HF.,  222. 
Penicillium  glauoum,  335,  383,  488. 
Pentoses,  343-5,  377,  409. 
Perborates,  prepn.,  65. 
Peroarbonates,  determination,  251. 

—  preparation,  65. 
Permanganates,  determination,  205. 

—  preparation,  61,  64. 

—  reactions,  107. 

—  use  of  J^,  247. 
Peroxides,  15. 
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PeroxideB,  detenmnatioii,  250,  256 
Penulphates,  determinatioii,  251. 

—  preparation,  64. 
PeUenkifer,  240. 
Phaae  role,  506. 
Phenaoetin,  377. 
Phenates,  367. 
Phenetol,  376. 
Phenol,  367,  376. 

—  BolubiUty  of,  441-2. 
Phenolphthalein,  prepn.,  387. 

—  use  as  indicator,  2i31. 
Phenoquinone,  379. 
Phenyl  cyanide,  368. 

—  hydrazine,  370,  400. 

—  hydrozylamine,  362. 

—  iflo-cnranide,  305,  364. 

—  iso-thiooyanate,  375. 

—  metiiyl  oarbinol,  350. 

—  nitro-methane,  360. 
Phlorogludnol,  377,  409. 
Phosphides,  181. 

Phosphoric  add,  separation  from  bases,  212. 

—  anhydride,  44. 
Phosphorous  anhydride,  44. 
Phosphorus,    detection    in    organic    sub- 
stances, 403. 

—  estimation  in  organic  substances,  417-8. 

—  determination  in  bronzes,  210. 
steel,  222. 

—  oxyohloride,  56. 

—  pentachloride,  56. 

—  trichloride,  56. 
PhthaleSns,  379,  387,  392. 
Phthalio  anhydride,  379,  386. 
Phthalimide,<328,  386. 
Pinaoones,  313. 
Platinichlorides,  420. 
Platinum,  prepn.  from  residues,  21. 

—  reactions,  98. 

—  reaiBtanoe  thermometer,  431. 
Polarimeter,  485. 
Polarisation,  483. 

Polaiiser,  483. 
Polybasio  acids,  337-9. 
Polymerisation,  314-5. 
Potassium  aluminozalate,  36. 

—  bi-iodate,  28. 

—  bi-ozalate,  28. 

—  bi-Bulphate,  27. 

—  bi-tartrate,  28. 

—  bromate,  54. 

—  bromide,  54. 

—  chlorate,  54,  64. 

—  chloride,  pure,  53,  54. 

—  ohlorochromate,  59. 

—  chromate,  25. 

—  chromoxflJate,  35. 

—  oobalti-oyanide,  35. 

—  cyanate,  330. 

—  cyanide,  330. 

use  of  1^,242. 

^  determination  of,  206,  207,  216. 


Potassium  dichromate,  prepn.,  61* 

use  of  ^,251-3. 

—-  ethyl  carbonate,  336. 
sulphate,  301. 

—  ferric-ozalate,  36. 

—  f erricyanide,  34. 

—  iodate,  55. 

—  iodide,  52. 

—  nitrate,  26.^ 

—  perborate,  65. 

—  perbromate,  64. 

—  peroarbonate,  65. 

—  perohlorate,  54,  64. 

—  permanganate,  61,  64. 

—  persulphate,  64. 

—  quodrozalate,  28. 

—  reactions  of,  114. 

—  thiocarbonate,  69. 

—  thiocyanate,  69. 
Primaiy  amines,  327. 
Pringtheim,  418. 

Producer  gas,  analysis  of,  273. 
Propylamine,  secondary,  328. 
Propyl  benzene,  355. 

—  iodide,  341. 
Proteins,  406. 
Prussian  blue,  102,  403. 
Pseudo-adds,  308. 

-—  nitrols,  309. 

Pulfrich  refractometer,  467-7a 
Pumps,  vacuum,  433. 
Purification,  methods  of,  3. 
Purine  deriyatiyes,  401,  407* 
Purpurin,  393. 
Purple  of  GasKius,  97. 
Pyknometer,  434-6. 
Pyrazolone,  400. 
Pyridine,  399. 
Pyrocatechol,  393. 
Pyropallol.  377. 
I^rrolusite,  prepns.  from,  601 

—  valuation  of,  255,  276. 
Pyrrol,  393. 

Q 

Quantitative  analysis.  Inorganic,  185. 

Organic,  410. 

Quaternary  salts,  329,;.374. 
Quinine,  299,  408. 
Quinizarin,  393.  | 
Quinol,  326,  367,'376-7,  379. 
Quinoline,  400.1  ' 

—  di-bromide,  401. 
Quinones,  379,  393,  398,  404. 


Racemic  mixtures,  335,  383,  488. 
Radicals,    detection    and    separation    of 

negative,  119,  175-181. 
BatMoy  and  Skidds,  452. 
Rate  d  hydrolysis,  503. 
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Ratio  of  ipeoifio  heate  of  a  gas,  448-9. 
BeagentB,  81. 
Beotifioation  of  spirit,  300. 
Red,  Congo,  397-8. 

—  fast,  398. 

—  lead.  16. 
Redaction,  blowpipe,  77. 

—  oharooal  stick,  78. 

—  of  nitro-oompounds,  362-5. 

—  organic  substances,  313,  328,  344,  370, 
379,  393. 

B^ormatsky,  352. 

Refractivity,  469. 

Refraotometer,  469. 

Reinaeh's  test,  92. 

Resistance,  determination  of,  489. 

—  specific,  489. 

—  thermometer,  431. 

Resolution  of  optical  isomers.    SeeRacemic 

Resonance,  450. 

R^sordnol,  338,  376-7,  392-3. 

ReynoM  test,  324. 

Rochelle  salt,  32,  426. 

Roeaniline,  311,  391. 

Rose*8  crucible,  194. 

Rotation  of  plane  of  polarisation,  486. 

S 

Saccharin,  408. 
Salidn,  326. 
Salicylal,  383. 
Salicylic  alcohol,  326. 
Salting  out,  287. 
Salts,  add,  27. 

—  basic,  29. 

—  complex,  30. 

—  double,  30. 

—  normal,  22. 
Saridmeffer^s  reaction,  367-8. 
8chiff*8  reagent,  311,  324,  392. 
Saponification,  294,  325-6. 
Schizomycetes,  383. 

Schloesinffs  determination  of  HNO3,  220. 
SchuUs^a  reagent,  346. 
SchoUen-Baumann  reaction,  384. 
Secondary  alcohols,  350. 

—  amines,  329. 

—  butyl  bromide,  304. 

—  propyl  alcohol,  313. 

benzene,  355. 

iodide,  341. 

iSfeOmeier,  482. 
SehwanoffB  test,  409. 
Semicarbazone,  316,  406. 
Sensitiyeness  of  a  balance,  428. 
Separation  of  adds,  169-170. 

—  bases  into  groups,  166. 

—  bases  into  groups,  phosphoric  add  pre- 

sent, 167. 

—  liquid  mixtures,  286. 

—  rare  earths,  183-4. 
GroupJL  bases,  171,  209. 

IL  bases,  172-5,  203,  210. 


Separation  of  acids.  Group  IIL  bases,  176, 
177,  204,  205,  211. 

IV.  bases,  178, 179,  206. 

V.  bases,  180. 

Silidc  add,  46. 
colloidal,  73. 

—  anhydride,  46. 
Siliddee,  182. 

Silicon,  determination  in  sted,  221. 
^-  prepn.,  20. 
Silver,  colloidal,  74. 

—  determination,  199,  225,  241,  243. 

—  prepn.  from  reddues,  21. 
scrap,  20. 

—  migration  of  ions,  497. 

—  nitrate,  24. 

use  of  ^,241. 

—  reactions  of,  83. 

—  salts  of  organic  acids,  320,  419-20. 

—  separation  from  copper,  243. 
lead,  209. 

Skatol,  395. 

Skraup^a  synthesis,  401. 
Smith,  Lawrence,  216. 
Soap,  294-5. 

Sodium  /3-anthraquinone  monosulphonate, 
393-4. 

—  ammonium  racemate,  335. 
-bisulphite,  28. 

—  chloride  pure,  52. 

—  cobaltinitrite,  34. 

—  determination,  207,  216. 

—  hyposulphite,  68. 

—  nitrite,  70. 

—  nitro-prusdde,  331. 

—  peroxide,  116. 

—  phosphates,  27. 

—  reactions,  115. 

—  sesquicarbonate,  236. 

—  sulphite,  28. 

—  thioantimoniate,  69. 

—  thiosulphate,  prepn.,  68. 

use  of  ^,  253-8. 

80UU  compensator,  485. 
Soluble  starch,  254. 
Solubility  of  gases,  440. 

—  of  insoluble  salts,  495. 

—  product,  76. 
Solution,  heat  of,  472. 

—  molecular  wdght  in,  456. 

—  of  solids  and  liquids,  442. 
Sound  vdocity,  449-50. 
Soxhlet.    See  Extraction. 
Specific  conductivity,  489. 

—  gravity,  434. 

—  heat  of  gases,  448-50. 
water,  474. 

—  resistance,  489. 

—  rotation,  486. 

—  volume,  434. 
Spectra,  482. 
Spectrometer,  480-1, 


Digitized  by 


Google 


526 


INDEX 


Speotroeoopy,  480. 

Speier.    See  Fiaeher, 

Stannio  anhydride  determination,  208. 

prepn.»  11. 

reactions,  96. 

—  ohloride,  51. 

—  oxide,  11. 

—  sulphide,  67. 
Stannous  chloride,  24. 

—  oxide,  14. 
Starch,  295,  409. 

—  use  of,  as  indicator,  254. 
Steam  distillation,  286-7. 
Stepanow,  418. 

Sterling  silver,  analysis  of,  226,  242. 
Strecher's  synthesis,  334. 
Strengths  of  adds  and  bases.    See  Avidity. 
StronUnm  chloride,  25,  52. 

—  determination,  206. 

—  oxide,  10,  12. 

—  reactions,  112. 

—  salts  from  oelestine,  60. 

—  separation  from  Ba  and  Ca,  178-0,  214. 

—  smphate,  analysis  of,  207. 
Strychnine,  335,  408. 
Sublimation,  281. 
Substitution,  353,  367. 
Sucdnonitrile,  308,  326. 
Sucrose,  295,  346,  409. 
Sugar.    See  Sucrose,  etc. 

—  concentration  in  solution,  486. 
Sulphides,  determination,  217. 

—  reactions,  128. 
Sulphines,  407. 
Sulphobensdte,  356. 
Sulphonal,  407. 
Sulphonamide,  357,  408. 
Sulphonation,  356. 
Sulphonchlorides,  357,  408. 
Sulphones,  407. 
Sulphonic  adds,  357. 
Sulphoxides,  407. 

Sulphur,  detection  in  organic  substances, 
403. 

—  dioxide,  6. 

—  estimation  in  orsanic  substances,  417-8. 

—  monoddoride,  59. 

—  trioxide,  43. 
Sulphuryl  chloride,  67. 
Superphosphate,  valuation  of,  245. 
Supersaturated  solutions,  4. 
Surface  tension,  452. 
Syntheses : 

Aceto-acetic  ester,  347. 
FiUig,  355. 

FrieM-Craft,  355,  390. 
6(rt^nan{,  350-2. 
£iluim,343. 
Malonic  ester,  348. 
Oxy-adds,  352. 


Tables : 

Boiling-point  constants,  459. 


Tables: 

Boiling-point    constants,     Vcdker-Lums- 
(ien,461. 

Conductivity  of  KO,  492. 

Density  of  water,  435. 

Equivalent  conductivity  of  KC3,  492 

Ha,  494. 

Naa,494. 

Freedng-point  constants,  456. 

lonisation  constants,  494. 

Latent  heats,  456,  459. 

Mdting-point  constants,  463. 

Specific  heat  of  water,  474. 

Wave-lengths  of  light,  481. 
Tannin,  377. 

Tantalum,  reactions,  155. 
Tartar  emetic,  32. 
Tartrates,  reactions,  135. 
Temperature  measurement,  430. 

high.  431. 

Tendon,  surface,  452-4. 
—  vapour,  462. 
Tertiary  alcohols,  351. 


Tests,  organic,  402. 
Thallium,  detection,  148. 
ThenartTa  blue,  99. 
Thermite,  19. 
Thermochemistay,  472. 
Thermometer,  Beckmann's,  457. 
— high  temperature,  431. 
Thermo-regulator,  195. 
Thermostat,  432. 
Thiocarbamide,  337. 
Thiooarbanilide,  375. 
Thiocarboxylic  adds,  407. 
Thiocyanates,  prepn.,  69. 

-use  of  J?,  243. 

Thionyl  chloride,  58. 
Thiourea,  337,  408. 
Thomaen,  476-7. 
Thorium  reactions,  151. 
Tiemann  and  Bdmer,  383. 
Tin,  determination  of,  203,  225. 

—  preparation  of,  19. 

—  reactions,  95. 

—  stone,  analysis  of,  208. 
Titanium,  determination,  211. 

—  reactions,  154. 

—  separation  from  Fe  and  Al,  211. 
Toluene,  367. 

Toluidene,  364,  367,  368,  391. 
Toluonitrile,  368. 
Toluquinone,  379. 
Tolyl  aldehyd,  382. 

—  C3ranide,  368. 
Trana,    See  Isomerism. 
Transformation,  Beckmann,  327. 
Trandtion  point,  506. 
Transport  numbers,  497. 
Tribromaniline,  364. 
Tribromo-phend,  367. 
Tribromo-resordnol,  377. 
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Triohlor-2ry  propyl  alcohol,  361. 
Triethylamine,  solubility  of,  441. 
Triphenyl  guanidine,  375. 

—  methane,  390. 
Tryptophane,  395. 
TrovJUnCa  Law,  452. 
Tongsten  reactions,  148-9. 
Tnngstio  anhydride,  62. 
Tyrwin,  298. 

U 

Unsaturated  adds,  317,  387. 
Uranium,  determination,  204. 

—  reactions,  165. 

—  separation  from  metals  of  Group  in., 

176. 
Uranyl  acetate,  use  of  standard,  244-6. 
Urea  determination,  277. 
— -  preparation,  297,  330,  336. 

—  reactions,  336,  406. 
Urethane,  406. 


Vacuum  distillation,  286. 

—  pumps,  433. 

Vanadium  compounds  from  vanadinite,  62. 

—  reactions,  154. 
Van'i  Hoff,  495. 
Vapour  density,  443-8. 

—  tension,  462. 
Velocity  of  ions,  497-500. 

—  sound,  450. 
VogeTs  reaction.  111. 
Folftoni,  333. 

Voltameter,  497.    See  also  224. 

— .  Titration,  499. 

Von  KobeWs  reaction,  89. 


W 
Walden,  455. 
WaUeer-Lumsden,  460. 
Wash-bottle,  188. 
Washing  a  ppt.,  187. 
Water-gas  analysis,  272. 
Water- value,  473. 
Wave-length  of  light,  481. 

—  sound,  450. 
Weighing,  186. 

—  bottle,  186. 

Weights,  calibration  of,  429. 

WheaUtone'a  bridge,  490. 

Whetham,  500. 

WiUgerodt,  369-70. 

WiUiarMon,  302. 

Winkler,  determination  of  oxygen,  257 

—  combustion  pipette,  272. 
Woad,  326. 

Wood  spirit,  293. 

Woy,  determination  of  P2O5,  197. 

Wuris^a  reaction,  309. 


Yield,  1. 

Yttrium  reactions,  153. 


Zeisd,  421. 
Zdinsky,  333. 
Zinc  chloride,  25. 

—  determination  of,  204. 

—  reactions,  107. 

—  separation  from  Ni,  Co,  Mn,  213 

—  sulphate  prepn.,  24. 

concentration  cell,  508. 

Zinin,  362-3. 
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